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DESCRIPTION 

3-Azetidinylthio-carbapeneme derivatives, their preparation 
5 and use as antimicrobial agents 

TECHNICAL FIELD 

The present invention relates to novel 
10 1 -a2abicyclo[3.2.0]hept-2-ene-2-carboxylic acid 

derivatives and pharmaceutical^ acceptable salts thereof. 

More particularly, it relates to novel 
3-azetidinylthio-l-azabicyclo[ 3.2. 0 ]hept-2-ene-2- 

15 carboxylic acid derivatives and pharmaceutical^ 

acceptable salts thereof, which have antimicrobial 
activity, to processes for the preparation thereof, to a 
pharmaceutical composition comprising the same, to. a use 
of the same as a medicament and to a method for the 

20 treatment of infectious diseases in human being or animal. 

INDUSTRIAL APPLICABILITY 

Accordingly, one object of the present invention is 
25 to provide novel 3-azetidinylthio-l-azabicyclo- 

[3.2.0]hept-2-ene-2-carboxylic acid derivatives and 
pharmaceutical^ acceptable salts thereof, which are 
highly active against a number of pathogenic 
microorganisms and are useful as antimicrobial agents. 

30 
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Another object of the present invention is to provide 
processes for the preparation of novel 
3-azetidinylthio-l- a2 abicyclo[ 3 . 2 - 0)hept-2-ene-2- 
carboxylic acid derivatives and slats thereof. 

A further object of the present invention is to 
provide a pharmaceutical composition comprising, as an 
active ingredient, said 3-a 2 etidinylthio-l- a2 abicyclo- 
t3.2.0)he P t-2-ene-2-carboxylic acid derivatives and 
pharmaceutical^ acceptable salts thereof. 

Still further object of the present invention is to 
provide a use of said 3-a 2 etidinylthio-l-a 2 abicyclo- 
[3.2.0)hept-2-ene-2-carboxylic acid derivatives and 
Pharmaceutical^ acceptable salts thereof as a medicament 
or a method for the treatment of infectious diseases by ' 
pathogenic microorganisms in human being or animal. 

The object 3-azetidinylthio-l-a 2 abicyclo[3.2.0]hept- 
2-ene- 2 -carboxylic acid derivatives are novel and can be 
represented by the following general formula - 



R 5 ' 



R 3 1 
R~ ? N 



R 4 



R" 



Ln which r! is carboxy, coo" or protected carboxy, 
R is hydroxy (lower) alkyl or protected 

hydroxy ( lower ) alkyl , 
R^ is hydrogen or lower alkyl, and 
R is substituted lower alkyl or substituted 

4 lower alkenyl and R 5 is hydrogen, or 
R is hydrogen and R 5 is heterocyclic group or 
lower alkyl or 
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4 

S is hydrogen and the formula : =N-R^ is N,N- 

di{ lower )alkylimino, or 
4 5 

R and R are combined together to form 

optionally substituted imino-containing 
heterocyclic group, 
or pharmaceutical^ acceptable salts thereof. 

Suitable pharmaceutical^ acceptable salts of the 
object compound (1) are conventional non-toxic salts and 
may include a salt with a base such as an inorganic base 
salt, for example, an alkali metal salt (e.g. sodium salt, 
potassium salt, etc.), an alkaline earth metal salt (e.g. 
calcium salt, magnesium salt, etc.), an ammonium salt, an 
organic base salt, for example, an organic amine salt 
15 (e.g. triethylamine salt, pyridine salt, picoline salt, 

ethanolamine salt, triethanolamine salt, dicyclohexylamine 
salt, N,N'-dibenzylethylenediamine salt, etc.); a salt 
with an acid such as inorganic acid addition salt (e.g. 
hydrochloride, hydrobromide, sulfate, phosphate, etc.), an 
organic acid addition salt (e.g. formate, acetate, 
trif luoroacetate, maleate, tartrate, methanesulf onate, 
benzenesulfonate, etc.); a salt with a basic or acidic 
amino acid (e.g. arginine, aspartic acid , glutamic acid, 
etc.); an intermolecular or intramolecular guaternary 
25 salt; and the like. 

The said intermolecular quaternary salt can be 
formed, for example, when R 4 is N-( lower ) alkyl -N- 
carbamoyK lower )alkylamino (e.g. N-methyl-N- 
carbamoyljnethylamino, etc.), or di (lower) alky lamino (e.g. 
N,N-dimethylamino, etc.) and said amino is substituted by 
suitable substituent(s) such as lower alkyl (e.g. methyl, 
etc.), carbamoyl (lower) alkyl (e.g. carbamoylmethyl, etc.), 
etc.; and the like. 

Suitable intermolecular guaternary salt may include 
35 N,N-di( lower )alkyl-N-carbamoylammonio halide (e.g. 
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K.N-d^ethyl-N-carbamoyi^io iodl 

lite. ouoade, etc.), and the 

Said intramolecular quaternary salt ™- k • 
between ,1 a„ d . catiOT R< ^ ^« «- ». t OITCd 

Rl " 00O-. and «4 is hyd ' f « *»*Pie, when 

ntuted xnono-containing hetem^i - 
"id i»i„o „ oiety is fnrther 3 

substituent such as lower alkyl , ^ " ~ lt " bta 

(e.g. methyl, etc.). 
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In this connection, please note that ii- ^ 
^Ppen said intermodular guaterna^ salt 
intramolecular quaternary salt can Z 
substantially the sa^Tn e l f 

^ternary salt can he e^ress^ as int ^cular 
-iti^salt o f i*-.!^^^ - 

^trs^ :r:rr on such ~- 

only for C onv enient J^"* ° f ^ ^ternary salts 



(continued on the next page) 
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In the object compound (I) and the intermediary 
compounds mentioned below, it is to be understood that 
there may be one or more stereo-isomeric pair(s) such as 
optical isomers due to asymmetric carbon atom(s), and such 
a isomers are also included within the scope of the present 
invention. 

According to the present invention, the object 
compound (I) or pharmaceutical^ acceptable salts thereof 
10 can be prepared by the processes as illustrated by the 
following reaction schemes. 



30 



Process 1 : 




(II) 

or salts thereof 



4 ^ N - R5 
R-C 

i III ) 
or salts thereof 




35 



(I) 

or salts thereof 
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Process 2 : 




N 



R J 
I 

N 

0 



(I-a) 
or salts thereof 



Removal reaction of the 
carboxy-protective 
group on R 1 



15 



20 



R* 
I 

N 



COOH • 
or salts thereof 



Process 3 : 



25 




] 

N 



A., 

N R 



Removal reaction of the 

hydroxy-protective 
group on r 2 



(I-c) 

35 or salts thereof 
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(I-d) 
or salts thereof 



Process 4 



15 



20 




R" 
) 

N 



-O 



Removal reaction of the 
amino- and/ or 

hydroxy-protective 

group(s) on R 4 
a 



25 



30 



(I-e) 
or salts thereof 




R* 
J 

N 



N 



a-f) 

or salts thereof 
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in which R 1 , R 2 , R 3. and R 4 R 5 are ^ ^ def . ned 

above, 

R^is protected carboxy, 
R a is protected hydroxy ( lower ) alkyl , 

R£ is hydroxy (lower) alkyl, 
R d is substituted lower alkyl or substituted 
lower alkenyl containing protected amino- 
and/or protected hydroxy-moiety(ies) , and 
K is hydrogen, 

R b is substituted lower alkyl or substituted 
lower alkenyl containing amino- and/or 
hydroxy-moiety(ies) and R 5 i s hydrogen, 
and 

_6 . 

R is lower alkyl. 

The compound (II) used in the Process (I) is 
disclosed in Japan Kokai No. 255280/88. 

The compound (III) used in the Process 1 can be 
prepared, for example, by the following method or a 
conventional manner. 

Method A 



25 4 r6 -° h « v > ^n-r 5 

R 4 "CN . R 4. c ^ 



15 



20 



10 



(IV) 

or salts thereof 
,4 „5 



X C-R* 
(III) 
or salts thereof 



in which R\ R and R are each as defined above. 



in the above and subsequent descriptions of the 
present specification, suitable examples and illustrations 
" ° f thS Vari ° US d ^initions which the present invention 
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includes within the scope thereof are explained in detail 
as follows. 

The term "lower" is intended to mean 1 to 6, 
preferably 1 to 4 carbon atom(s) for alkyl group, and 2 to 
4 carbon atom(s) for alkenyl group, unless otherwise 
indicated . 

Suitable "protected carboxy" may include esterified 
carboxy wherein "esterified carboxy" can be referred to 
the ones as mentioned below. 

Suitable examples of the ester moiety of an 
esterified carboxy may be the ones such as lower alkyl 
ester (e.g. methyl ester, ethyl ester, propyl ester, 
isopropyl ester, butyl ester, isobutyl ester, t-butyl 
ester, pentyl ester, hexyl ester, etc.) which may have at 
least one suitable substituent( s) , for example, lower 
alkanoyloxyt lower) alkyl ester [e.g. acetoxymethyl ester, 
propionyloxymethyl ester, butyryloxymethyl ester, 
valeryloxymethyl ester, pivaloyloxymethyl ester, 
hexanoyloxymethyl ester, l-(or 2-)acetoxyethyl ester, 
l-(or 2- or 3-)acetoxypropyl ester, l-(or 2- or 3- or 4-)- 
acetoxybutyl ester, l-(or 2-)propionyloxyethyl ester, 
l-(or 2- or 3-)propionyloxypropyl ester, l-(or 2-)- 
butyryloxyethyl ester, l-(or 2-)isobutyryloxyethyl ester, 
l-(or 2-)pyvaloyloxyethyl ester, l-(or 2 - ) hexanoyloxyethyl 
ester, isobutyryloxymethyl ester, 2-ethylbutyryloxymethyl 
ester, 3, 3-dimethylbutyryloxymethyl ester, l-|or 2-)- 

pentanoyloxyethyl ester, etc.], lower alkanesulf onyl- 
(lower)alkyl ester (e.g. 2-mesylethyl ester, etc.), 

monolor di or tri) halo (lower) alkyl ester (e.g. 2-iodoethyl 

ester, 2, 2,2-trichloroethyl ester, etc.); 

lower alkoxycarbonyloxyl lower) alkyl ester [e.g. 

roethoxycarbonyloxymethyl ester, ethoxycarbonyloxymethyl 

ester, propoxycarbonyloxymethyl ester, 
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t-butoxycarbonyloxymethyl ester, l-(or 2-)- 
methoxycarbonyloxyethyl ester, l-(or 2-)ethoxycarbonyloxy- 
ethyl ester, l-(or 2- ) isopropoxycarbonyloxyethyl ester, 
etc.], phthalidylidene( lower ) alkyl ester, or (5-lower 
5 alJcyl-2-oxo-l,3-dioxol-4-yl)(lower)alkyl ester [e.g. (5- 
n»ethyl-2-oxo-l,3-dioxol-4-yl)methyl ester, (5-ethyl-2- 
oxo-l,3-dioxol-4-yl)methyl ester, (5-propyl-2-oxo-l,3- 
dioxol-4-yl)ethyl ester, etc.]; 

lower alkenyl ester (e.g. vinyl ester, allyl ester, etc . ); 

10 lower alkynyl ester (e.g. ethynyl ester, propynyl ester, 
etc.); ar( lower )alkyl ester which may have at least one 
suitable substituent(s) such as mono- or di- or 
triphenylj lower) alkyl ester which may have halogen or 
lower alkoxy (e.g. benzyl ester, 4-methoxybenzyl ester, 

15 4-nitrobenzyl ester, phenethyl ester, trityl ester, 
benzhydryl ester, bis ( me thoxyphenyl) methyl ester, 
3,4-dimethoxybenzyl ester, 4-hydroxy-3,5-di-t-butylbenzyl 
ester, etc.); aryl ester which may have at least one 
suitable substituent(s) (e.g. phenyl ester, 4-chlorophenyl 

20 ester, tolyl ester, t-butylphenyl ester, xylyl ester, 

mesityl ester, cumenyl ester, etc.); phthalidyl ester; and 
the like. 

More preferable example of the protected carboxy thus 
defined may be C 2 -C 4 alkenyloxycarbonyl and phenyl(or 

25 nitrophenyl ) ( c, -z t ) alkoxycarbonyl . 

Suitable "hydroxy ( lower) alkyl" may include straight 
or branched lower alkyl having hydroxy group such as 
hydroxyraethyl, hydroxyethyl , hydroxypropyl, 
l-(hydroxymethyl) ethyl, l -hydroxy- 1-methyle thy 1, 

•0 hydroxybutyl, hydroxypentyl, hydroxyhexyl , and the like, 
in which more preferable example may be 
hydroxy( Cl -c 4 )alkyl and the most preferable one may be 
1 -hydroxyethyl. 

Suitable "protected hydroxy ( lower) alkyl" means 
5 aforementioned hydroxy ( lower ) alkyl , in which the hydroxy 
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group is protected by a conventional hydroxy-protective 
group such as those mentioned in the explanation of 
imino-protective group as mentioned below; art lower )alkyl 
such as mono- or di- or triphenyK lower) alkyl (e.g. 
benzyl, benzhydryl, trityl, etc.), etc.; trisubstituted 
silyl such as tri( lower )alkylsilyl (e.g. trimethylsilyl, 
triethylsilyl, isopropyldiroethylsilyl, t-butyldimethyl- 
silyl, diisopropylmethylsilyl, etc.), triarylsilyl (e.g. 
triphenylsilyl, etc.), triar( lower )alkylsilyl (e.g. 
tribenzylsilyl, etc.), etc.; and the like. 

More preferable example of "protected 
hydroxy (lower) alkyl thus defined may be [phenyl (or 
nitrophenyl ) ( Cj-C 4 ) alkoxyjcarbonyloxy ( Cj-c 4 ) alkyl , 
(C 2 -C 4 Jalkenyloxycarbonyloxyl Cj-C^) alkyl and 
[ tri ( C 1 -c 4 ) alkylsilyl ] oxy( C 1 -C 4 ) alkyl . 

suitable "lower alkyl" may include straight or 
branched one such as methyl, ethyl, propyl, isopropyl, 
butyl, t-butyl, pentyl, hexyl, and the like, in which more 
preferable example may be Cj-Cj alkyl and the most 
preferable one may be methyl for R 3 and ethyl for R 5 . 

Preferable substituents of "substituted lower alkyl 
or substituted lower alkenyl" may be 
carbamoyl, 

N-(or N,N-di) ( lower ) alkylcarbamoyl , 

N- 1 N-hydroxy ( lower ) alkyl -N- ( lower ) alky lamino ( lower ) - 

alkyl )carbamoyl , 

N-[N-hydroxy ( lower) alky l-N,N-di( lower )alkylamraonio- 
( lower ) alkyl ] carbamoyl , 

N-[amino(or protected amino) ( lower ) alkyl) carbamoyl, 

optionally substituted heterocyclicthio, 

lower alkylthio, 

di ( lower ) alkylsulf onio , 

halo ( lower ) alkylthio , 

lower alVoxy, 
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carbamoy loxy , 
acylamino, 

amino, protected amino, 

lower alkylamino, N-protected-N- ( lower ) alkylamino, 

carbamoyl I lower ) alkylamino, 

N-protected-N- [ carbamoyl { lower ) alkyl ) amino , 

N-carbamoyl { lower ) alkyl-N- ( lower ) alkylamino, 

N-carbamoyl ( lower ) alkyl-N , N-di ( lower ) alkylaranonio, 

N- ( lower alkylcarbamoyl ) ( lower ) alkyl-N- ( lower ) - 

alkylamino, 

N- ( lower alkylcarbamoyl ) ( lower ) alkyl-N , N-di ( lower) - 
alkylammonio , 

optionally substituted heterocyclic-carbonyl, 

optionally substituted 

heterocyclic group, 

t hydroxy { lower ) alkyl ] amino , 

N-protected-N- [protected hydroxy { lower ) alkyl] amino, 

N- ( lower) alkyl-N- 1 hydroxy ( lower )alkyl Jamino, 

N ,N-di ( lower ) alkyl-N- [ hydroxy ( lower ) alkyl ) ammonio , 

N- ( lower ) alkyl-N- [ N- [ hydroxy { lower ) alkyl ] - 

carbamoyl ( lower ) alkyl ] amino , 

N , N-di l lower ) alkyl-N- [N- [ hydroxy ( lower ) alkyl ] - 

carbamoyl ( lower ) alkyl ] ammonio , 

N- ( lower ) alkyl-N- [ carbamoyloxy ( lower ) alkyl ) amino, and 
N,N-di ( lower ) alkyl-N- [ carbamoyloxy ( lower ) alkyl ] - 
ammonio . 



Suitable »N- ( or N, N-di ) { lower ) alkylcarbamoyl" means 
carbamoyl group mono- or disubstituted by above-mentioned 
lower alkyl such as methylcarbamoyl , dimethylcarbamoyl, 
ethylcarbamoyl, diethylcarbamoyl , 
N-methyl-N-ethylcarbamoyl , propylcarbamoyl , 
dipropylcarbamoyl, isopropylcarbamoyl , butylcarbamoyl , 
pentylcarbamoyl, hexylcarbamoyl and the like, in which 
more preferable example may be di ( C^-C^) alkylcarbamoyl. 
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and the most preferable one may be dimethy lcarbamoyl. 

Suitable "N- [ N-hydroxy ( lower ) alkyl-N- ( lower ) - 
alkylamino(lower)alkyl)carbamoyl" means aforementioned 
N-( lower) alky lcarbamoyl group, wherein said lower alkyl 
group is further substituted by 

N-( lower )alkyl-N-hydroxy( lower )alkylamino group. Said 
lower alkyl and hydroxy! lower) alkyl moieties are the same 
ones as mentioned above. 

More preferable examples of "N- [ N-hydroxy ( lower ) - 
alkyl-N-(lower)alkylamino( lower) alkyl) carbamoyl" thus 
defined maybe N-[N-hydroxy(C 1 -c 4 )alkyl-H-(c 1 -C 4 )- 
alkylamino(C 1 -C 4 ) alkyl lcarbamoyl, and the most preferable 

one may be N-[2-[N-(2-hydroxyethyl)-N-methylaroino]ethyl)- 
15 carbamoyl. 

Suitable "N- [N-hydroxy ( lower )alkyl-N,N- 
di ( lower) alky lammonio( lower) alkyl) carbamoyl" means 
aforementioned N-[N-hydroxy{ lower ) alkyl -N- 
( lower ) alkylamino | lower ) alkyl ) carbamoyl group , wherein 
said amino group is further substituted by lower alkyl. 

More preferable examples of "N-[N-hydroxy(lower)- 
alkyl-N , N-di ( lower ) alky lammonio ( lower ) alkyl ] carbamoyl" 
thus defined may be N- | N-hydroxy ft^-Cj) alkyl - 
N^-dil^-c^alkylammonioI^-^JalkyDcarbamoyl, and the 
most preferable one may be N-[2-[N-{ 2-hydroxyethyl) -N,N- 
dimethy lammonio ) ethyl ] carbamoyl . 



?0 
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30 
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Suitable "N-[ amino ( lower) alkyl J carbamoyl" means 
aforementioned carbamoyl { lower ) alkyl group, wherein said 
lower alkyl group is further substituted by amino, in 
which more preferable example may be 

N-tamino(C 1 -C 4 )alkyl]carbamoyl, and the most preferable 
one may be 4-aminobutylcarbamoyl. 
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Suitable "N- f protected amino { lower ) alkyl J carbamoyl" 
means N-[ amino ( lower ) alkyl) carbamoyl group, wherein said 
amino group is further substituted by suitable 
amino-protective group such as acyl as mentioned below, i n 
which preferable examples may be N-[ lower 
alkenyloxycarbonylamino [ lower ) alkyl } carbamoyl , and the 
most preferable one may be 4-(allyloxycarbonylamino)- 
butylcarbamoyl. 



Suitable optionally substituted heterocyclic moiety 
of "optionally substituted heterocyclic-thio" may be 
heterocyclic group as mentioned below, in which preferable 
examples of said heterocyclic group may be unsaturated 3 
to 8-membered, preferably 5 or 6 membered heteromonocyclic 
group containing 1 to 4 nitrogen atom, optionally 
substituted by lower alkyl. 

Preferable examples of "optionally substituted 
heterocyclic-thio" thus defined may be lower alkyl- 
tetrazolylthio, and the most preferable one may be 
20 l-methyltetrazol-5-ylthio. 

Suitable "lower alkylthio" means thio group 
substituted by lower alkyl as mentioned above, in which 
more preferable example may be (C^) alkylthio. and the 
25 most preferable one may be methylthio. 

Suitable "di( lower )alkylsulf onio" means 
aforementioned lower alkylthio group, wherein said thio 
group is further substituted by lower alkyl as mentioned 
above, in which more preferable example may be 
difc.-c^alkylsulfonio, and the most preferable one may be 
diraethylsulf onio . 

Suitable "halo(lower)alkylthio» means aforementioned 
lower alkylthio, wherein said lower alkyl is f ur the- 
substituted by halogen such as chloro, fluoro. bromo and 
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iodo, in which more preferable example may be 
dihalo(c 1 -C 4 )alkylthio and the most preferable one may be 
dif luoromethylthio. 

Suitable "lower alkoxy" may include straight of 
branched one such as methoxy, ethoxy, propoxy, isopropoxy, 
butoxy, isobutoxy, pentyloxy, isopentyloxy, hexyloxy, 
etc., in which more preferable example may be 
(^-C^) alkoxy and the most preferable one may be methoxy. 

Suitable "acylamino" means amino substituted by acyl 
group as mentioned below, in which preferable example may 
be lower alkanoy lamino , halo ( lower) alkanoylamino, lower 
alkoxycarbonylamino, lower alkoxy ( lower ) alkanoylamino, 
lower alkylsulfonylamino, carbamoylamino, and C 6 -C 1Q 
ar( lower) alkoxycarbonylamino, and the roost preferable one 
may be acetylamino, trif luoroacetylamino, 
me thoxycarbony lamino, mthoxyacety lamino, 
methylsulfonylamino, carbamoylamino, and 
20 benzyloxycarbonylamino. 



15 



Suitable "protected amino" may include acylamino as 
mentioned above, wherein said acyl group can be removed by 
a conventional method, in which preferable example may be 
25 lower alkenyloxycarbony lamino and 

nitro(C 6 -C 10 ) ar( lower) alkoxycarbonylamino, and the roost 
preferable one may be allyloxycarbonylamino and 
p-ni trobenzyloxycarbonylamino . 

Suitable "lower alkylamino" means straight or 
branched lower alkylamino, in which more preferable 
example may be alkylamino, and the most preferable 

one may be methylamino. 



30 
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suitable "N-prot-cted-N-( lower) alkylamino" may 
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include N-acyl- NM1 ower)alkylamino, ^ 

17Z7 *• ^ "~ 35 menti ° ned in P-tect ed ^ 
" WilCh ' MOre Parable example may be N-(lover 

^nyl^ycarbony^-N^lowerJalkylandno, and the most 
Preferable one may be N-allyloxycarbonyl-N-.ethylamno. 

Suitable "carba^noyK lower) alkylamino" means 
aforementioned lower alkyianiino group, wherein e *,* ^ 

preferable example may be carbamoyl (C -c )alVvi am ^ 

suitable ""-Protected-N-IcarbamoyKloweDalkvllmi 

protectrve group such „ acyl „ s mentioned ^ 31,11,0 

Preferable examples of "N-protected-N- 
Icarba^KlowenalkrDa^i^- thus de£l ned Bay be w 

the «t Preferable one nay be N-allyloxyoarbooyl.;. 
( carbarooylmethyl ) amino. 

Suitable "N-carbamoyl( lower )alxyl-N-(iover)- 
alkylamino" means aforementioned 

r s a 1"tTe (1 T ,alkYla,nin0 9r ° UP ' Wh6rein Said ^oup 
prefe"! * ^ in which most 

Preferable example may be N-carbamoylmethyl-N-methylamino. 

Suitable "N-carbamoyl( lower ) alkyl- N/N -di ( lower ) alkvl 

fuT+t I 9r ° UP ' WhSrein Said 9roup is 

further substituted by lower alky!, in 

preferable example may be N-carbamoylmethyl- 
N / N-dimethylammonio . - ' 
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Suitable "N-{ lower alkylcarbamoyl ) ( lower )alkyl-N- 
( lower )alkylamino» means aforementioned N- 
carbamoyl(lower)alkyl-NHlower)alkylamino group, wherein 
said carbamoyl group is further substituted by lower alkyl 
as mentioned above, in which more preferable example may 

be N-[ (C r c 4 ) alkylcarbamoyl ( Cl -c 4 )alkyl-N- (C -c.) alkyl- 
amino, and the most preferable one may be 
N- ( methylcarbamoyl )methyl-N-methylamino . 

Suitable »N-(lower alkylcarbamoyl) ( lower ) alkyl -N,N- 
di( lower ) alkylammonio" means aforementioned N-( lower 
alkylcarbamoyl ) ( lower ) alkyl -n- { lower ) alkylamino group, 
wherein said amino group is further substituted by lower 
alkyl as mentioned above, in which more preferable example 
may be N-[ (^-C^alkylcarbamoyKc^C^alkyl-N^-dilC.-c )- 
alkylammonio, and the most preferable one may be 
N- ( methylcarbamoyl ) methyl -N , N-dimethylaromonio . 

Suitable optionally substituted heterocyclic moiety 
of "optionally substituted heterocyclic-carbonyl" may be 
heterocyclic group as mentioned below, wherein preferable 
heterocyclic group may be saturated or unsaturated 
(preferably saturated) 3 to 8-membered, preferably 5 or 6 
membered heteromonocyclic group containing 1 to 4 nitrogen 
atom optionally, substituted by the group consisting of 
hydroxy, amino ( lower) alkanoyl and protected 
amino (lower) alkanoyl. 

Preferable example of "optionally substituted 
heterocyclic-carbonyl" thus defined may be 
hydroxyazetidinyl-carbonyl, and pipe r azinyl- car bony 1 
substituted by amino ( lower ) alkanoyl or lower 
alkenyloxycarbonylaminol lower) alkanoyl, and the most 
preferable one may be 4-hydroxyazetidin-l-yl-carbonyl, 
4-(5-aminopentanoyl)piperazin-l-yl and 4- (5- 
allyloxycarbonylaminopentanoyl)piperazin-l-yl. 
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suitable "optionally substituted heterocyclic group" 
may be heterocyclic group as mentioned below, in which 
more preferable example may be saturated or unsaturated 3 
to 8-membered, preferably 5 or 6 membered heterocyclic 
group containing l to 4 nitrogen atom, and saturated of 
unsaturated (preferably unsaturated) 3 to 8-membered 
Preferably 5 or .6 membered heteromonocyclic group ' 
containing l to 2 sulfur atomCs) and l to 3 nitrogen atom 
optionally substituted by the group consisting of 
above-mentioned lower alkyl, above-mentioned 
hydroxy ( lower) alkyl and above-mentioned 
carbamoyl ( lower ) alkyl . 

Preferable examples of "optionally substituted 
heterocyclic group" thus defined may be saturated or 
unsaturated 5 or 6 membered heteromonocyclic group 
containing 1 to 4 nitrogen atom optionally substituted by 
the group consisting of lower alkyl, hydroxy (lower) alkyl 
and carbamoyl(lower)alkyl, and unsaturated 5 or 6 membered 
heteromonocyclic group containing 1 to 2 sulfur atom(s) 
and 1 to 3 nitrogen atom, i„ which more preferable example 

Tf whTiT dY1 ' imida2 ° ly1 ' PyraZo1 *' Pyrrolidine each 
of which being optionally substituted by (r-c ) alkyl 

hydroxytc.-c^alkyl and carbamoyl (C-c) alkyl, 'and ' 
thxazolyi, and the most preferable example may be 
3-pyridyl, l-methyl-3-pyridinio, 
l-carbamoylmethyl-3-pyridinio, 1-pyridinio, i( or 
4 ) -xmidazolyl, 2-methyl-l-imidazolyl, 

3- methyl-l.imidazolio, l,3-dimethyl-2<or 4, -imidazole, 

4- hydroxymethyl-i-methyl-3-imidazolio, 1,2-dimethyl- 
4-pyrazolio, l-methyl-l- pyrrolidinio , and 3 _ thiazolio> 

Suitable "[hydroxy(lower)alkylJamino» means amino 
group substituted by aforementioned hydroxy, lower) alkyl, 
^ which more preferable example may be hydroxy (c -c ) 
alkyl and the most preferable one may be 14 
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Suitable "N-protected-N-rprotected hydroxy( lower )- 
alkyl] amino" means aforementioned hydroxy ( lower) alkyl, 
wherein said hydroxy and amino groups are protected by 
suitable protective groups such as acyl as mentioned 
below, in which preferable example may be N-( lower 
alkenyloxycarbonyl)-N-[ lower, alkenyloxycarbonyloxy- 
( lower )alkyl)amino, and the most preferable one may be 

N-allyloxycarbonyl-N-r2-(allyloxycarbonyloxy)ethyl3amino. 

Suitable "N-(lower)alkyl-N-[hydroxy(l 0 ver)alkyl]- 
ammo" means aforementioned I hydroxy { lower ) alkyl ] amino 
group, wherein said amino group is further substituted by 
lower alkyl, in which more preferable example may be 
NM^-c^alkyl-N-fhydroxytc.-C^alkyDamino, and the most 
Preferable one may be N-methyl-N-( 2-hydroxyethyl) amino. 

Suitable »N,N-di < lower ) alkyl -n- [ hydroxy ( lower ) - 
alkyl Jammonio" means aforementioned N-( lower )alkyl-N- 
[hydroxy(lower)al ky i ]am ino group, wherein said amino group 
is further substituted by lower alkyl, in which more 
preferable example may be N,N-di( , alky l- N -[ hydroxy- 
(Cj-C^alkyljammonio, and the most preferable one may be 
N , N -dime thy 1-N- ( 2-hydroxyethyl ) amraonio. 

Suitable "H-(lower)alkyl-N-[N-fhydroxy(lower)alkyl]- 
carbamoyl( lower) alkyl Jamno" means aforementioned 

N-carbamoyl(lower)alkyl- N - (loW e r )ai k yiamino group, wherein 
said carbamoyl group is further substituted by 
hydroxyl lower )alkyl as mentioned above, in which most 
Preferable example may be N-methyl -N-[ N -( 2-hydroxyethyl ) - 
carbamoylme thyl J amino . 
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Suitable "N-[n- [ hydroxy f lower ) alkyl ) carbamoyl- 
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flower) a l ky i3- NfN _ di(loVer)alky:Lannnonioii roeans 

aforementioned N- ( lower ) alkyl-N-lN-[hydroxy ( lower , alkyl] - 
carba»oyl( lower, alkyDamino group, wherein said amino 
group is further substituted by lower alkyl, in which most 

ZTTl* e * an!Ple ^ ^ ^^-^-^o^yethyDcarbamoyl- 
n.ethyl]- N , N -diinethylammonio. 

Suitable "N-(lower)alkyl-N-[carbanK>ylo X y(iower,- 
aiJcyl]anano» means aforementioned "n- (lower ) alkyl -K- 
Ihydroxydowerjaikyljamino group, wherein said hydroxy 

pre°f U r ^ fUrth6r SUbStitUt6d ty ^ which mire 

preferable example may be N- ( C]L -c ) alkyl- N - 

Icarbamo y ioxy«c 1 -c 4 )alkyl3amino, and the most preferable 
one roay be N-ethyl-N-[ 2 -,carbamoyloxy,ethyl,amino. 

alkyl^V*'*^' 10 ^ 

alkyljammonao" means aforementioned »N-( lower )alkyl-N- 
[carbamo yl oxy(low e r)alkyl3amino group, wherein saL amino 

Preferao! ^ alkyl. in which more 

preferable example may be N.N-ditc.-c^alkyl-N- 
[carbamoyloxy(c r c 4 , a ikyi ]a mmonio, and the most preferable 
one may be M-*i^l*|2^c rt «^ ) ^J^ 

Suitable "aryl" may include C^r aryl such as 
lake, ln whlch most preferai , le exajnple ^ 

acyl wf 16 "r 1 " ^ ali * h * tic -cyl, aromatic 

acyl, heterocyclic acyl and aliphatic acyl substituted 
with aromatxc or heterocyclic groupfs, derived from 
carboxylic, carbonic, sulfonic and carbonic acidl 
The alxphatic acyl may include saturated or 

yryl, xsobutyryl, valeryl, isovaleryl, pivaloyl, 
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hexanoyl, etc.), alkylsulf onyl such a 3 lower alkylsulf onyl 
(e.g. mesyl, e thy Isulf onyl, propylsulfonyl, 
isopropylsulfonyl, butyl Bulf onyl, isobutylsulf onyl 
pentylsulfonyl, hexylsulfonyl, etc.,, carbamoyl, 
N-alkylcarbamoyl (e .g. methyl carbamoyl, ethylcarbamoyl , 
etc.), alkoxycarbonyl such as lower alkoxycarbonyl (e g 
methoxycarbonyl, ethoxycarbonyl , propoxycarbonyl , 
butoxycarbonyl, t-butoxycarbonyl , etc.), 
alkenyloxycarbonyl such as lower alkenyloxycarbonyl (e.g 
vinyloxycarbonyl, allyloxycarbonyl, etc.), alkenoyl such' 
as lower alkenoyl (e.g. acryloyl, methacryloyl, crotonoyl, 
etc.), cycloalkanecarbonyl such as cyclo( lower )- 
alkanecarbonyl (e.g. cyclopropanecarbonyl , 

cyclopentanecarbonyl, cyclohexanecarbonyl , etc.,, and the 
lxxe. 

The aliphatic acyl substituted with aromatic groupfs) 
may include ar (lower , alkoxycarbonyl such as 
Phenyl (lower, alkoxycarbonyl (e.g. benzyloxycarbonyl 
phenethyloxycarbonyl, etc.,, and the like. 

These acyl groups may be further substituted with one 
or more suitable substituent(s) such as nitro, and the 
like, and preferable acyl having such substituent ( s ) ma y 
be nitroar( lower ) alkoxycarbonyl (e.g. 
nitrobenzyloxycarbonyl, etc.), and the like. 

Suitable -optionally substituted imino-containing 

belo7 Cy r iC - 9rOUP " ^ bS hSt *™ ic «™P as mentioned 
below, wherein said heterocyclic group contains imino 
-orety, in which preferable example may be unsaturated 3 
to 8-membered, preferably 5 or 6-membered heterocyclic 
group containing an imino moiety, optionally substituted 
by lower alkyl, m ore preferable one may be 2H-pyrrolyl 
1-pyrrolinyl, imidazolyl, pyrazolyl, pyridyl, pyrimidyl, 
pyrazxnyl, pyridazinyl, triazolyl, tetrazolyl, dihydro- 
traazinyl, each of which being substituted by lower alkyl, 
and the most preferable one may be l-methyl- 2 - pyrrolinio . 
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Suitable "lower alkylene" may include straight or 
branched one such as methylene, ethylene, trimethylene 
tetraroethylene, pentametbylene, hexamethylene, 
methylmethylene, ethylethylene, propylene, and the like 
in which more preferable example may be c^c. aUylene and 
the most preferable one may be trimethylene. 

suitable "carbamoyl(iower)alkyl" means aforementioned 
lower alkyl substituted by carbamoyl, in which most 
preferable example may be carbarooylmethyl. 

Suitable "heterocyclic group" means saturated or 
unsaturated, monocyclic or polycyclic heterocyclic group 
containing at least one hetero-atom such as an oxygen 
sulfur, nitrogen atom and the like. 

More preferable heterocyclic group may be 
15 heterocyclic group such as ; 

-unsaturated 3 to 8-membered, preferably 5 or 
6-membered heteromonocyclic group containing 1 to 4 
nitrogen atom(s), for example, pyrrolyl, 2H-pyrrolyl 
pyrrolinyl, imidazolyl. pyrazolyl, pyridyl, and its ' 
N-oxide, pyrimidyl, pyrazinyl, pyridazinyl, triazolyl 
(e.g., 4H-l,2,4-triazolyl, 1H-1, 2, 3 -triazolyl, 
2H-1, 2, 3- triazolyl, etc.), tetrazolyl (e.g 
IH-tetrazolyl, 2H- tetrazolyl, etc.), dihydrotriazinyl 
(e.g., 4 , 5-dihydro-l , 2 , 4- triazinyl , 
25 2, 5-dihydro-l, 2, 4-triazinyl, etc.), etc.; 

-saturated 3 to 8-membered, preferably 5 or 
6-membered heteromonocyclic group containing 1 to 4 

ZZTITT' ^ eXamPle ' azetidi ^' Pyrrolidinyl, 
30 PiP-idinyl, pyrazolidinyl, piperazinyl, 

-unsaturated condensed 7 to 12-membered heterocyclic 
group containing 1 to 5 nitrogen atom(s), for example 
mdolyl, isoindolyl, indolizinyl, benzimidazolyl 
gumolyl, isoguinolyl, indazolyl, benzotriazolyl ' 
» tetr**.olopyridyl, tetrazolopyridazinyl (e g 
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tetrazolo [ 1 . 5-b)pyridazinyl , etc . ) , 

dihydrotriazolopyridazinyl, etc.; 

-unsaturated 3 to 8-membered, preferably 5 or 

6 -member ed heteromonocyclic group containing 1 to 2 oxygen 

atoro(s) and 1 to 3 nitrogen atom(s), for example, 

oxazolyl, isoxazolyl, oxadia2olyl (e.g., 

1,2,4-oxadiazolyl, 1,3,4-oxadiazolyl, 1,2,5-oxadiazolyl, 
etc.), etc.; 

-saturated 3 to 8-membered, preferably 5 or 
6-membered heteromonocyclic group containing 1 to 2 oxygen 
atom(s) and 1 to 3 nitrogen atom(s), for example, 
morpholinyl, etc.; 

-unsaturated condensed 7 to 12-membered heterocyclic 
group containing l to 2 oxygen atom(s) and 1 to 3 nitrogen 
atom(s), for example, benzoxazolyl, benzoxadiazolyl, etc.; 

-unsaturated 3 to 8-membered, preferably 5 or 
6-meinbered heteromonocyclic group containing l to 2 sulfur 
atom(s) and 1 to 3 nitrogen atom(s), for example, 
1,3-thiazolyl, 1,2-thiazolyl, thiazolinyl, thiadiazolyl 
20 (e.g., 1,2, 4- thiadiazolyl, 1,3, 4 -thiadiazolyl, 
1,2,5-thiadiazolyl, 1,2, 3-thiadiazolyl) , etc.,' 

-saturated 3 to 8-membered, preferably 5 or 
6-membered heteromonocyclic group containing 1 to 2 sulfur 
atom(s) and 1 to 3 nitrogen atom(s), for example, 
25 thiazolidinyl, etc. ; 

-unsaturated 3 to 8-membered, preferably 5 or 
6-membered heteromonocyclic group containing a sulfur 
atom, for example, thienyl, etc.; 

-saturated 3 to 8-membered, preferably 5 or 
30 6-membered heteromonocyclic group containing a sulfur 
atom, for example, tetrahydrothienyl , etc.; 

-unsaturated condensed 7 to 12-membered heterocyclic 
group containing 1 to 2 sulfur atom(s) and 1 to 3 nitrogen 
atom(s), for example, benzothiazolyl, benzothiadiazolyl 
35 etc. and the like; ' 
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wherein said heterocyclic group may be substituted by 
one or more, preferably one or two suitable substituent( S ) 
such as : 

-hydroxy; 

-protected hydroxy, in which the hydroxy group is 
protected by a conventional hydroxy-protective group as 
mentioned in the explanation of protected 
hydroxy ( lower )alkyl, more preferably 
tri( C 1 -C 4 )aikylsilyloxy ; 

-hydroxy(lower)alkyl or protected hydroxyf lower) alkyl 
as mentioned above, more preferably hydroxyf c. -r ) alkyl 
(e.g. hydroxymethyl, etc.) or tri ( c^c, ) alkylsilyloxy- 
(C^) alkyl (e.g. hydroxymethyl, 2-hydroxyethyl, etc. ) ; 
-halogen; 

'lower alkoxy, which may be straight or branched one 
alkoxy such as methoxy, ethoxy, propoxy, isopropoxy 
butoxy, pentyloxy, hexyloxy, etc., more preferably c -c 
alkoxy; 1 4 

-lower alkyl as mentioned above, more preferably 
C 2 -C 4 alkyl (e.g. methyl, etc. ) ; 

-lower alkoxy(lower)alkyl / in which the lower alkoxy 
and lower alkyl moieties may respectively be the same as 
those for lower alkoxy and lower alkyl as mentioned above 
more preferably a lkoxyl^- Chalky 1, 

-lower alkylamino(lower)alkyl, in which the lower 
alkyl moiety may be the same as those for lower alkyl as 
mentioned above, more preferably C -c. alkylaminofr -r)- 
alkyl; 1 4 14' 

-protected lower alkylamino{ lower) alkyl, which is the 
lower alkylaminof lower )alkyl as mentioned above, in which 
the amino group is protected by a conventional 
ainino-protective group such as acyl as mentioned above 
more preferably N-lC^C^alkyl-N-tc^C^alkenyloxy- 
carbonylamino ( c 1 -C 4 ) alkyl ; 
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-protected imino, in which the imino group is 
protected by a conventional imino-protective group such as 
acyl mentioned above, more preferably C 2 ~c 4 alkenyloxy- 
carbonylimino; 

-lower alkylamino, in which the lower alkyl moiety 
may be the same as those for lower alkyl as mentioned 
above, more preferably Cj-C 4 alkylamino; 

-protected lower alkylamino, which is the lower 
alkylamino group as mentioned above, in which the amino 
group is protected by a conventional amino-protective 
group such as acyl mentioned above, more preferably C -C 
alkylamino; 1 4 

-mono (or di )( lower )alkylcarbamoyloxy, in which the 
lower alkyl moiety may be the same as those for lower 
alkyl as mentioned above, more preferably mono (or 
di ) ( Cj-c 4 ) alkylcarbamoyloxy ; 

-carbamoyl (lower) alkyl as mentioned above (e.g. 
carbamoylmethyl, etc.); 

-amino ( lower )alkanoyl such as aminoacetyl, 
aminopropionyl, aminobutyryl , aminoisobutyryl, 
aminovaleryl, aminoisovaleryl , aminohexanoyl , and the like 
(e.g. 5-aminovaleryl, etc.); 

-protected amino ( lower ) a lkanoyl, wherein said 
amino ( lower )alkanoyl group and amino protective group may 
be the same as mentioned above, in which preferable 
example may be lower alkenyloxycarbonylaminol lower )- 
alkanoyl [e.g. 5-(allyloxycarbonylamino)valeryl, etc.J; 
and the like. 



Preferred embodiments of R 1 , r 2 , r 3, r 4 and R 5 arg 
as follows. 



R is carboxy or esterified carboxy, 
2 is 

(or di or t ri ) phenyl! lower )alkoxy( lower) alkyl, 



R is hydroxydowerjalkyl, acyloxy( lower) alkyl, mono- 
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tri ( lower) alky lsilyloxy ( lower ) alkyl , 
triphenylsilyioxyf lower )alkyl or 
tr ibenzylsilyloxy ( lower ) alkyl , 
R ^ is hydrogen or lower alkyl, 

R is carbamoyl(lower)alkyl; lower alkylthio( lower) alkyl; 
amino { lower ) alkyl ; mono (or lower ) alky lamino- 
( lower) alkyl; lower alkoxy( lower) alkyl; 
acylamino( lower) alkyl; mono(or di) (lower) alkyl- 
carbamoyl ( lower ) alkyl ; 

N- ( lower ) alkyl-N-carbamoyl ( lower ) alkylamino ( lower ) - 
alkyl, pyrrolylthio{lower)alkyl, pyrrolinylthio- 
( lower ) alkyl , imidazolyl thio ( lower ) alkyl , 
pyrazolylthiodowerjalkyl, pyridylthio(lowfer) alkyl, 
and its N-oxide, pyrimidylthio( lower) alkyl, 
pyrazinylthio ( lower ) alkyl , pyr idazinylthio ( lower ) - 
alkyl, triazolylthioClowerJalkyl, tetrazolylthio- 
(lower)alkyl, dihydrotriazinylthiof lower) alkyl, each 
of said heterocyclic group is optionally 
substituted by lower alkyl; 

azetidinylcarbonyl ( lower) alkyl, pyrrolidinyl- 
carbonyl(lower)alkyl, iraidazolidinylcarbonyl ( lower) - 
alkyl, Piper idinylcarbonyK lower) alkyl, 
pirazolidinylcarbonyl { lower ) alkyl , 
Piperazinylcarbonylt lower) alkyl, each of said 
heterocyclic group is optionally substituted by 
hydroxy; and 
is hydrogen, or 

is carboxy, coo" or esterified carboxy, 

is hydroxy( lower) alkyl, aryloxyf lower) alkyl, mono(or di 

or tri )phenyl ( lower ) alkoxy { lower ) alkyl , 

tri ( lower ) alkylsilyloxy ( lower ) alkyl , 

triphenylsilyloxy( lower) alkyl or 

tr ibenzylsilyloxy ( lower ) alkyl, 
is hydrogen or lower alkyl, 
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R is carbamoyl! lower) alkyl, 

N- ( or N,N-di ) ( lower ) alkylcarbamoyl ( lower ) alkyl, 

N- [ N-hydroxy ( lower ) alkyl -N- ( lower ) alkylamino- 

{ lower) alkyl Jcarbamoyl ( lower)alkyl, 

N- [N-hydroxy ( lower ) alkyl-N,N-di ( lower ) alkylammonio- 

( lower ) alkyl ] carbamoyl ( lower ) alkyl , 

N- I amino (or protected amino) (lower ) alkyl ]- 

carbamoyl ( lower ) alkyl , 

heterocyclic-thiol lower) alkyl optionally substituted 
by lower alkyl, lower alkylthio( lower) alkyl, 
di ( lower ) a lkylsul f onio ( lower ) alkyl , 
halo ( lower ) alkylthio ( lower ) alkyl , 

lower alkoxy( lower) alkyl, carbamoyloxy ( lower) alkyl, 
acylamino( lower) alkyl, amino(or protected amino) - 
(lower) alkyl, lower alkylaroino( lower) alkyl, 
N-protected-N- ( lower ) alkylamino ( lower ) alkyl , 
[ carbamoyl ( lower ) alkylamino ) | lower ) alkyl , 
N-protected-N- [ carbamoyl ( lower ) alkyl ) amino ( lower ) - 
alkyl , N-carbamoyl ( lower ) alkyl-N- ( lower ) alkylamino- 
( lower ) alkyl , N-carbamoyl ( lower ) alkyl-N , N-di ( lower ) - 
alkylammonio( lower) alkyl, N-( lower alkylcarbamoyl ) - 
( lower ) alkyl-N- ( lower ) alkylamino ( lower ) alkyl , 
N- ( lower alkylcarbamoyl) ( lower ) alkyl-N, N-di ( lower ) - 
alkylammonio ( lower ) alkyl , 

heterocyclic-carbonyl ( lower) alkyl optionally 
substituted by the group consisting of hydroxy and 
amino (or protected amino )( lower ) alkanoyl , 
heterocyclic (lower) alkyl optionally substituted by 
the group consisting of lower alkyl and 
hydroxy ( lower > alkyl, heterocyclic ( lower )alkenyl 
optionally substituted by the group consisting of 
lower alkyl and carbamoyl ( lower) alkyl, 
[ hydroxy ( lower ) alkyl ) amino ( lower ) alkyl , 
N-protected-N- [ protected hydroxy ( lower ) alkyl ] amino- 
( lower ) alkyl , N- { lower ) alkyl-N- f hydroxy ( lower ) - 
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alkyl ) amino ( lower ) alkyl , 
*< i s r^ 0 '^)^^. end R5 is ^oej or 

» and R5 i8 heterocyclic * ; 

lower allcyl, or 
« 4 i« hydrogen and the fonTOla , . s . r5 ^ 

^Uated K-co ntaining .eterocycHc Z- ^ 

» " f r :c s 8 " ed ° f » 2 - » 3 - •« - * 

0 

Rl is carboxy, 

»2 is hydroxy(lower)alkyl, 

R is lower alkyl, 

* 4 is carb amoy i {lower)al ...... 

lower alkoxy(l OW er)alkyl, lower ' 
alkanoylamino (lower) alkyl 

N-aower, alI[yl N . carbfflroyl(louei)a 
R is hydrogen, or 
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is carboxy or COO , 

is hydroxy! lower )alkyl (e.g. 1-hydroxyethyl, etc.) 
is lower alkyl (e.g. methyl, etc.), 

is carbamoyl (lower) alky 1 (e.g. carbamoylmethyl , etc ) 

N-(or N,N-di)(lower)alkylcarbajnoyl(lower)alkyl (e.g. 
N,N-dimethylcarbamoylmethyl, etc.), 

N- [ N-hydroxy ( lower ) alkyl-N- ( lower ) alkylamino ( lower ) - 

alkyl] carbamoyl (lower) alky 1 [e.g. 

[N- 1 2 - [ N- ( 2 -hydroxyethyl ) -N-methylamino } ethyl ] - 

carbamoyl Jmethyl, etc.], N- [N-hydroxy ( lower ) alkyl - 

N, N-dx ( lower ) alkylammonio ( lower ) alkyl ] carbamoyl- 

UoweDalkyl [e.g. [N-[2-[N-(2-hydroxyethyl)- 

N,N-dimethylammonio]ethyl]carbamoyl)methyl etc ] 

N-[amino(or lower alkenyloxycarbonylamino) ('lower)- 

alkyl) carbamoyl (lower) alkyl [e.g. 

N- ( 4 -aminobu ty 1 ) carbamoylme thy 1 , 

N- ( 4-allyoxycarbonylaminobutyl ) carbamoylmethyl , 

etc.], lower alkyl tetrazolylthio( lower ) alkyl [e.g 

{l-methyltetra 2 ol-5-ylthio)methyl etc ) 

lower alkylthio(lower)alkyl (e.g. n,ethylrhiomethyl 

etc.), di ( lower ) alkyl sulfonic ( lower) alkyl (e.g. 

dimethylsulf oniomethyl, etc . ) , 

halo ( lower ) alky lthio ( lower ) alkyl (e.g. 

dif luoromethylthiomethyl, etc. ) , 

lower alkoxy( lower) alkyl (e.g. rnethoxymethyl , etc.) 

carbamoyloxyf lower )alkyl (e.g. carbamoyloxymethyl , ' 

etc.), lower alkanoylamino( lower) alkyl (e.g. 

acetylaminomethyl, etc.), 

halo ( lower ) alkanoylamino ( lower ) alkyl (e.g 

trifluoroacetylaminomethyl, etc.), 

lower alkoxycarbonylamino( lower) alkyl (e.g. 

methoxycarbonylaminomethyl, etc.), 

lower alkoxy(lower)alkanoylamino(lower)alkyl ( e g 

methoxyacetylaminomethyl, etc.), 

lower alxylsulfonylamino( lower) alkyl (e.g. 
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methylsulf onylaminomethyl , etc . ) , 
carbamoylaminodowerjalkyl (e.g.' 
carbamoylaminomethyl , etc . ) , 
phenyKioverjaX^^y^ 

2-(ben 2 yloxycarbo„yl ami no ) ethyl, eJT te ' ? * 
aminofor lower alkenyloxycax b o„ ylarcino ' or 
n lt ,o ( c 6 c 10) a r( l owerJalkoxyc 

(-ny 10 i yca :^. [e -- 

^nethylananojmethyl, etc.] 
Ccarba.oylCio.e^,^^ ^ 

»-(lower,a l^lo^.,^ Jj£ « 
alkyl jaJ nino(l OW e r)alkyl [e . g> ^(lover)- 
( c arbamoyln,ethyl ani ino Jraethyl , 
2- ( carbamoylmethylamino ) ethyl 

* fN ^^oxycarbonyl-N-tcarba^oytoethyl). 
aroxnojethyl, etc.], etftyi). 
N-carbamoyldowe,,^^ . 

alkyl [e a 1 /» v! lower ) a l*y Wno( lower) - 

* I e.g. 2- (N-caxbamoylmethyl- 
N-m e thyl aroino)ethylr etc ^ 

N N di , 9 " 3 - (N - carba »»oyli»ethyl- 
N^N-dx.ethyl^iojp^^ 

N-dower alkylcarbamoy! ) (lower >alkv7 » 

amino(l 0 ver )a lk y i fe a \ Z ^ ^-(^rjalkyl- 

methJ « ! [ 9 - 3 -f N -( n,e thylcarbamoyl)_ 
-ethyl- N _ methylamino]propy ^ YD 

N-(lower alfcylcarbamoyl ) (lower)alky 1- N m din 
a ikylan m on i o(lower)alkyl [e g N '»-*M lower >- 



NSOOCID; <WO_ 9323402A 1_ l_ > 



WO 93/23402 PCT/JP93/00598 

- 31 - 



10 



15 



20 



25 



30 



35 



hydroxyazetidinylcarbonyl ( lower ) alkyl (e.g. 
4-hydroxyazetidin-l-ylcarbonylmethyl, etc. ), 
amino ( or lower alkenyloxycarbonylami.no ) ( lower > - 
alkanoylpiperazinylcarbonyl { lower ) alkyl [e.g. 
f 4- ( 5-aminopentanoyl)piperazin-l-yl]carbonylraethyl, 
[ 4- ( 5-allyloxycarbonylaminopentanoyl )piperazin-l - 
yljcarbonylmethyl, etc.], pyridyK lower) alkyl [e.g. 
3-pyridylmethyl, 2-(3-pyridyl)ethyl, 
3- (1-pyridinio) propyl, etc.), 

lower alkylpyridyK lower) alkyl [e.g. ( l-methyl-3- 
pyridinio )methyl . 2- ( l-methyl-3-pyridinio) ethyl, 
etc.], imidazolyK lower) alkyl [e.g. 
3- ( 1 -imidazolyl )propyl , 4-iraidazolylmethyl , 

2- (4-imidazolyl)ethyl, etc.), lower 
alkylimida2olyl( lower) alkyl [e.g. 

3- { 2-methylimidazol-l-yl)propyl, 

( 3 -methyl- 1- imida zolio ) methyl , 3 - ( 3 -roe thy 1- 1 - 
imidazoliojpropyl, 5-(3-methyl-l-in.idazolio)pentyl, 
l,3-dimethyl-2(or 4)-imidazoliomethyl, etc.], 
hydroxy { lower ) alkylimidazoly 1 { lower ) alkyl [e.g. 
3-[3-l2-hydroxyethyl)-l-imidazolio)propyl, etc. ), 
hydroxy ( lower ) alkylimidazolyl ( lower ) alkyl 
substituted by lower alkyl [e.g. 

3- ( 4-hydroxymethyl-l-methyl-3-imidazolio)propyl, 

etc.), thiazolyK lower) alkyl [e.g. 

3-(3-thiazolio)propyl, etc.), pyrazolyl( lower) alkyl 

[e.g. U,2-dirnethyl-4-pyrazolio)methyl, etc.), 

pyrrolidinyll lower) alkyl [e.g. 

3 - ( 1 -pyr rolidiny 1 ) propyl , etc . ] , 

lower alkylpyrrolidinyK lower) alkyl [e.g. 

3- ( 1 -methyl -l-pyrrolidinio) propyl, etc. ] , 

pyridyK lower Jalkenyl [e.g. 2-(3-pyridyl)ethenyl, 

etc.], lower alkylpyridyK lower )alkenyl [e.g. 

2 - ( 1 -methyl - 3 -pyridinio ) ethenyl , etc . ) , 
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carbamoyl I lower ) alkylpyridyl ( lower J alkyl [e g 
2-(l-carban,oyl J nethyl.3.p yridinio)ethenyl/ ' 
lower alkylimidazolyKiowemikenyl [e.g. 
2-U,3-dimethyi-2.i,nida 2 olio)eth e „yi, etc.] 

hydroxy ( lower)alkylj ami no(l ow er) a ixyl [e.g. 
( 2 -hydroxyethylamino)inethyl , 
2~(2-hydroxyethylamino)ethyl, etc.] 
N- ( lower ) alkenyloxycarbonyl-N- [ lower alkenyl- 
o^c a rbo„ylo X y (1 ower,alkyl)a I „ino,lower)al I cyi [e . g . 

ethyl ]anuno]niethyl, etc. J 
N-(lower,al)cyl- N - rhydroxy ; iower) 

15 T \ rN " methyl - N - (2 - h ^ 0 ^thy 1)ani ino]- 

propyl, etc . j , i^l,^,,^ 

(lower)alkyljammonio(lower)alkyl [eg 

3-IK ' N -^ethyl-N- ( 2-hydro X yethyl, ara „onio ] propyl 

etc.], N-(lower)alkyl-N-[H-[ h ydro X y(lower aW 

carba ra on(lower,alkyl] aminoaower ^ 1 ^ a f 15 - 

3-[N- ro ethyl- N - fN - ( 2 . hydroxyethyl)c 

araxnojpropyi, etc.], y^Wl J - 

N.N-dr(l 0 w er )alkylann„onio(lower>alkyl [eg 

(lowe r)a i kyl Ie . g _ 3-[ N - ro ethyl- N -[ 2 . {carb 
ethyljaxnxnojpropyl, etc.], or ^ 

an B non i o(lower)alkyl [e.g. 3.[ N , N - dimethyl . N .^ 

■ 4 S^TT^^ 1 ™' -.], Jd r5 is 

R 4 is hydrogen and R 5 is thiadiazolyl (e.g 
l,3,4-thiadia 2 ol-5-yi, etc.) or 
lower alkyl ( e . g . methyl< efcc ^ ^ 
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HIT ^ the f0rmula : - N " rS i- N,N-di ( lower). 
*4 and R 5 ° (e ' 9 ' ■'■^ U «^"1nlo. etc.,, or 

R5 are CO,nbined tether to form 1-pyrrolinyl rino 
optionally substituted by lower alky^e.g * ^ 

l-methyl-2-pyrrolinio ring, etc.). 

The processes for the preparation of the object 
compound (I, of the present invention are explained • 
detail in the following. ^P^ned in 

U) Process t_ : 

reactl!! ZT™* (I ' " Bal " there ° f — »» Prepared by 
react^ the compound or 3aUs t P 

expound (ill) or salt6 tke^of 

« tho S s U e1" e t : aUS ° £ ^ COmPOUn<, <"> "» »» «» same 
tnose for the compound (I). 

Suitable salts of the compound fim *u 

-id a ddn i0 „ salts and/or jzjjsi znz r: 

a. exemplified for the compel (I,. ^"""""ry , aIt 

This reaction is usually curried out In a 
conv nti solvent which does not edvereely influence 
the r e „ 6UC „ „ tetrahV(lrofurani ^ 

~ ethan01 ' b »"« C... Pnosphate buffer, 

etc.), etc., or a mixture thereof. 

an oral" ^ * ^ in «. of 

an organic or xnorganic base such as those given in thl 
explanation of Process 2. * 

re3 reaCti ° n tem P e «ture is not critical, and the 

-action M usua ii y carried _ ^ ^ ^ - 



( 2 ) Process 2 



The compound (I-b) or salts thereof can h~ 
* ,uh ? ectin 9 the co m pou„d ,1-a, or S^."^™ 
removal reaction of the earhoxy-protective 
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Suitahk salts o£ tte COJIpounas 

be the same as those for the confound (I) 

The present reaction is usually carried out by a 
corona! m ^ „ ^ 

(i) Hydrolysis : 

« . "I"'"! 5 1S .r™ « * the presence 

al k ,\;! ! ! v SUitable b " 6 "** i-^e an 

nyaroxide. etc.), an alkaline earth metal hydroxide r. 

of ST ' e - 9 ' *™' -a ssiul'hytr . 

etc" earU " " etal *«* •«•••• calciL hydride 

etc.,, alkalr metal alxoxide (e.g. sodium methoxide 

s°drum ethoxide. potassium t-butoxide. etc ) anTC , • 
metal carbonate (e „ ^, ^ 311 alltal l 

carbonate etc , and T? 

Suitable acid may include an organic acid (e a 
formic acid aroHn ie.g. 

hydrel ysi snsing trifluoroacetic acid is uLl* 
accelerated by addition of cation trapping agent ,e g 
Phenol, anisole, etc.). 9 " 

in case that the hydroxy-protective group is 
truiower.alxylsilyl, the hydrolysls « ^ 

the presence of tri( lower )alxyla^nium halid Me g 
tributylammoniun, fluoride, etc.). 

This reaction is usually carried out in a 
conventional solvent which does not adversely ^ ^ 
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the reaction such as water, dichloromethane , alcohol (e.g. 
methanol, ethanol, etc.), tetrahydrofuran, dioxane, 
acetone, etc., or a mixture thereof. A liquid base or 
acid can be also used as the solvent. 

The reaction temperature is not critical and the 
reaction is usually carried out under from cooling to 
heating. 

(ii) Reduction : 

The reduction method applicable for this removal 
reaction may include, for example, reduction by using a 
combination of a metal (e.g. 2inc , zinc amalgain/ etc , Qr 
a salt of chrome compound (e.g. chromous chloride, 
chromous acetate, etc.) and an organic or inorganic acid 
(e.g. acetic acid, propionic acid, hydrochloric acid, 
sulfuric acid, etc.); and conventional catalytic reduction 
in the presence of a conventional metallic catalyst such 
as palladium catalysts (e.g. spongy palladium, palladium 
black, palladium oxide, palladium on carbon, colloidal 
palladium, palladium on barium sulfate, palladium on 
barium carbonate, palladium hydroxide on carbon, etc.), 
nickel catalysts (e.g. reduced nickel, nickel oxide, Raney 
nickel, etc.), platinum catalysts (e.g. platinum plate, 
spongy platinum, platinum black, colloidal platinum, 
Platinum oxide, platinum wire, etc.), and the like. 

In case that the catalytic reduction is applied, the 
reaction is preferably carried out around neutral 
condition. 

This reaction is usually carried out in a 
conventional solvent which does not adversely influence 
the reaction such as water, alcohol (e.g. methanol, 
ethanol, propanol, etc.), dioxane, tetrahydrofuran, acetic 
acid, buffer solution (e.g. phosphate buffer, acetate 
buffer, etc.), and the like, or a mixture thereof. 

The reaction temperature is not critical and the 
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reaction is usually carried out under f row. cooling to 
wanning. 

In case that the carboxy-protective group is allyl 
group, it can be deprotected by hydrogenolysis using a 
palladium compound. 

Suitable palladium compound used in this reaction may 
be palladium on carbon, palladium hydroxide on carbon, 
palladium chloride, a palladium-ligand complex such as 
tetrakis ( triphenylphosphine ) palladium ( 0 ) , 
bis (dibenzylideneacetone)palladiuro( 0) , 
di [ 1 , 2-bis ( diphenylphosphino) ethane )palladium( 0 ) , 
tetrakis ( tr iphenyl phosphite ) palladium ( 0 ) , 
tetrakis (triethyl Phosphite)paUadium(O), and the like. 

The reaction can preferably be carried out in the' 
presence of a scavenger of allyl group generated in situ 
such as amine (e.g. morpholine, N-roethylaniline, etc.), an 
activated methylene compound {e.g. dimedone, 
benzoylacetate, 2-methyl-3-oxovaleric acid/etc), 
a cyanohydrin compound (e.g. a-tetrahydro P yranyloxyben Z yl- 
cyanade, etc.), alkanoic acid or a salt thereof (e.g. 
formic acid, acetic acid, ammonium formate, sodium 
acetate, sodium 2-ethylhexanoate, etc.), 
N-hydroxysuccinimide, and the like. 

This reaction can be carried out in the presence of a 
base such as lower alkylamine (e.g. butylamine, 
triethylamine, etc.), pyridine, and the like. 

When palladium-ligand complex is used in this 
reaction, the reaction can preferably be carried out in 
the presence of the corresponding ligand (e.g. 
triphenylphosphine, triphenyl phosphite, triethyl 
phosphite, etc.). 

This reaction is usually carried out in a 
conventional solvent which does not adversely influence 
the reaction such as water, methanol, ethanol, propanol 
dxoxane, tetrahydrofuran, acetonitrile, chloroform 
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dichloro ra ethane. dicMoroethane, .thyl acetate, etc. or a 
mixture thereof. ' r a 

Kind If" reaCtl °" CM 156 Eel6Cted *~°*ding to the 

*™d of carboxy-protective group to be removed. 

(3) Process 3 : 

The compound (I-d) or salts thereof can be prepared 
by subjecting the compound ,x-c) or salts thereof to 
removal reaction of the hydroxy-protective group on R 2 

be th SUlt3ble SaltS ° f the ^Pounds (i-c) and (i-d) may 
be the same as those for the compound |i>. 

This reaction is usually carried out by a 
conventional method such as hydrolysis, reduction, and the 

The method of hydrolysis and reduction, and the 
reac aon conditions (e.g. reaction temperature, solvent 
etc., are substantially the same as those illustrated for 
removal reaction of the carboxy-protective group of the 
compound ,l-a) in Process 2, and therefore are to be 
referred to said explanation. 

In case that the hydroxy-protective g roup is 

ct'ar^ 31 ^ 1511 " 1 ' ^ * thiS ctive group 

can also be carried out in the presence of 

tetra{ lower ) alky 1 ammonium fluoride (e.g. 

tetrabutylammonium fluoride, etc.). 

14) Process 4 : 

The compound (l-f , or salts thereof can be prepared 
by subjecting the compound <i- e ) or salts thereof to 

IZlVl^ " " and/ ° r 

J-itable salts of the compounds (i- e ) and (l-f) m ay 
be the sajne as those for the compound (I). 

This reaction is usually carried out by a 
conventional method such as hydrol ysis , reduction , and ^ 



WSDOCIO: <WO__&3?3402A1J. > 



10 



15 



WO 93/23402 

PCT/JP93/00598 

- 38 - 



reac °* * ydX ° lysis ^ reduction, and the 

reac lon conditions reaction ^ 

etc.) are substantially the saine as those n ' ^ 
-oval reaction of the carho^pro^/^^f 
compound CI-., in Process 2 , and therefore 
referred to said explanation. 

in case that the hydroxy-protective group is 
traCloweDalxylsilyi, the reraoyal Qf 9 " 
can also he carried out in the presenc^ & 
tetra( lower) alkylainmonium fluoride (e.g. 
tetrabutylamraonium fluoride, etc.). 

Pr OC ,T ° bjeCt C ° mpOUnds Gained 'according to the 
Processes, can be isolated and purified in ! 
-nner, for example, extraction' precIpi^^T 

crystallization, recrystaUizatlon IT ' fr3Cti ° nal 

the like. ^xiizatxon, chromatography, and 

Method A for preparing the compound (ui) or 
2q —of is explained ±n defcail ±n J*£* -Its 

(A) Method A 

The compound mi) or salts ^ f 
by reacting "iereor can be prepared 

y reac ting the compound (IV) wii-v. «-v,~ 

q._ - . ^ lxv ' Wlth the compound (V). 

» as t^T^! S ° f ,IV) *• «» same 

tnose tor the compound (III). 

The starting compound (Iv) can be prepared bv a 
conventional process. y a 

The reaction is usually carried out- ir. 

etc or , 1 / Py" dl *e< N,N-dimethylf ormamide, 

etc., or a mixture thereof. 

reaction 1!*"^ '^"^ ls »« «* the 
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The object compound (I) and pharmaceutical^ 
acceptable salts thereof of the present invention are 
novel and exhibit high antimicrobial activity, inhibiting 

TnlZT 3 ° £ Path ° 9eniC J 

including Gra.-positive and Gram-negative microorganisms 

and are useful as antimicrobial agents. 

In the present invention, the object compound (I) 
possessing more potent antimicrobial activity can be 
represented by the following formula : 



R" 
I 



R 2 I* N 



(!') 



COOH 



in which and „5 Me Mch ^ definea ^ ^ d 

R a is lower alkyl, 
and pharmaceutical^ acceptable salts thereof. 

Particularly, the compound (I, possessing the most 
Potent antimicrobial activity can be represented by the 
following formula : 




A-R' 



35 COOH 
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in which R*. r 4 Md r5 are each ^ 

and pharmaceutical^ acceptable salts thereof. 

In addition, quaternary salts of the compound (I) 
havmg di( lower )alkylamino or N- ( lower ) alky 1-N-carbamoyl - 
(lowerjalkylamino as R show fairly low toxicity 

Now in order to show the utility of the object 
compound (i). the test data on antimicrobial activity of 
the representative compound of the compound (I) of this 
invention is shown in the following. 

in vitro An tijnicrohi * 1 Activity 
Test Method 

two * ST 4 * 8 - AntimiCrobial Activ ^y was determined by the 
two-fold agar-plate dilution method as described blow 

one loopful of an overnight culture of a test strain 
™icase-soy broth (1 0* viable cells per 
streaked on heart infusion agar ,HI-agar) containing 
graded concentrations of the test compound, and the 
roi nxmal inhibitory concentration (MIC) was expressed in 
terms of ug/ttll after incubation , t 3?oc ^ 2q ^ « 

Test comp ound : 

The product of Example 3. 



30 



Test Result s 



Test Strain 


MIC (jjg/ml) 


S. aureus 2538 


0.78 
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For therapeutic administration, the obj 



ect compound 
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(I) and the pharmaceutical^ acceptable salts thereof of 
the present invention are used in the form of conventional 
pharmaceutical preparation which contains said compound, 
as an active ingredient, in admixture with 
pharmaceutical^ acceptable carriers such as an organic or 
inorganic solid or liquid excipient which is suitable for 
oral, parenteral and external administration. 
The pharmaceutical preparations may be in. solid form such 
as tablet, granule, powder, capsule, or liquid form such 
as solution, suspension, syrup, emulsion, lemonade, and 
the like. 

If needed, there may be included in the above 
preparations auxiliary substances, stabilizing agents, 
vetting agents and other commonly used additives such as 
lactose, stearic acid, magnesium stearate, terra alba 
sucrose, corn starch, talc, gelatin, agar, pectin, peanut 
oil, olive oil, cacao butter, ethylene glycol, tartaric 
acid, citric acid, fumaric acid, and the like. 

While the dosage of the compound (I) may vary from 
and also depend upon the age, conditions of the patient, a 
kind of diseases, a kind of the compound (I) to be 
applied, etc. in general, amount between 1 mg and about 
4,000 mg or even more per day may be administered to a 
patient. An average single dose of about 1 mg, 10 mg, 50 
25 mg, 100 mg, 250 mg, 500 mg, 1000 mg, 2000 mg, of- the ' 

object compound (I) of the present invention 'may be used 
in treating diseases infected by pathogenic 
microorganisms . 
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The following Preparations and Examples are given for 
the purpose of illustrating this invention in more detail. 
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Preparati^ f 

«. at u c, the mixture was added to 
- cyasoacetanide (J0 g) ^ mixtare ^ ^ 

Shour. and , llo ved to stand at o-c for „ houl ^ 4 " 
results crystal „aa fntrated and „ asheo J tt *V 

.ta-d under reduced pressure for 5 hours to give l t Z 
c»rba»oylaceti„idate hydxocM^ 9 " e ^ 

mm (M so-d 6 . „ , i. 36 (3H , t# 

3.71 (3H, s). 4.4, (2B , q> j, 7 . 5Hz) 
Prepai-^i-j cm j 

™h , T ° 3 StlrrS ° SOlation ° f <*loroaceton± trl le ,3 „„ 
end ^ -mstsyl-s-^p^^ < 3 *> 

resulting precipitate was filtrated off Th. «i» 
»»hed i» turn „ ith briae , hydrcohlol acid ^ * 
potassiu. carbonate ,3.„ and brine, and drrea lr 
"sgnesiu. sulfate. Evaporation of the J£Z ^e 
5 -^no»eth y ithio-l-»ethy 1 tetxazole ,5.66 „ 

« <™1 3 . ., = 4.01 ,3H, .,. 4 . 17 B) 

Prepay 1- i on 2 -7) 

hydrochloride was obtained in substantially thTL. 
manner as that of Preparation 1 6 
- <°«SO-d 6 , ff) : 1.28 ( 3«, tf J=7Hz) , , 00 

4.46 ( 2H , q , j= 7Gz)r 4M7 (2H ^ s) ' 

35 Preparat,-^ 3 
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Ethyl methylthioacetimidate hydrochloride was 
obtained in substantially the same manner as that of 
Preparation 1. 

NMR (DMSO-d 6 , S) : 1.41 <3H, t, J=7 HZ ), 2.26 (3H, s>, 

3.73 (2H, 8 ), 4.52 (2H, q, J=7Hz) ' 

Preparation d 

Ethyl methoxyacetimidate hydrochloride was obtained 
in substantially the same manner as that of Preparation 1 
10 I* (Nujol) : 1660 curl 

Preparation 5-1 ) 

To a stirred solution of aminoacetonitrile 
hydrochloride (25.0 g, in a mixture of water (200 ml) and 
15 tetrahydrofuran (300 ml) was added acetyl chloride (39 ml) 
at 0«C while adjusting p h to around 9.5 with aqueous 
sodium hydroxide (4N). After evaporation of the solvent, 
the residue wae extracted with ethyl acetate (11x2) 
The combined extract was evaporated in vacuo to give 
20 (acetylamino)acetonitrile (25.78 g). 

NMR (DMSO-dfi, «) : !. 88 (3H , s), 4.10 (2H, d, 

J=5.2Hz), 8.57 (1H, br s) 

Preparat ion 5-2) 

Ethyl ( 2-carbamoyloxyethylthio ) acetimidate 
hydrochloride was obtained in substantially the same 
manner as that of Preparation 1. 

NMR (D M S0-d 6 , „ : !. 39 (3H , t, J=7Hz), 2.89 (2H, t, 

J=6Hz), 3.78 (2H, s), 4.06 (2H r 
t, J=6Hz), 4.48 (2H, q, J=7H Z ) 

Preparation 6-1 ) 

To a solution of dimethylamine hydrochloride (27 g) 
and triethylamine (46 ml) in methanol (100 ml) was added 
35 methyl cyanoacetate (26.5 ml). After 3 days, the solvent 
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was removed and the residue was dissolved in ethyl 
acetate. Precipitate was filtered off and the filtrate 
was concentrated in vacuo. The residual oil was 
chromatographed on silica gel, eluting with a mixture of 
5 hexane and ethyl acetate (1:2 to 0:1, v/V) to give 
dimethylcarbamoylacetonitrile (21.9 g). 

NMR (DMS0-d 6 , S) : 2 . 84 (3H, s,/ 2 . 92 (3H, s), 

3.99 (2H, s) 

10 Preparat ion 6-2) 

To a solution of dimethylcarbamoylacetonitrile (15 0 
9) in a mixture of ethanol (7.85 ml) and chloroform (10* 
ml) was introduced hydrogen chloride (4.88 g) at 0" C The 
resultant mixture was allowed to stand at 0»C for 24 
15 hours. The precipitates were collected by filtration, 

r ith K diethyl ^ ln ™» *° *™ ethyl 

dimethylcarbamoylacetimidate hydrochloride (27 10 g) 

N«R (D«S0-d 6 , S) : L36 {3H , t, J=7Hz), 2.86 (3H 

S) ' 3 -°° (3H ' s >' 4 - 01 (2H, s), 4 .50 (2H, q, 
20 J=7Hz), 12.0 (1H, br s) 

Preparation 7-1 ) 

hvdr \f X T ° f ^^^^^^^-^roxyazetidine 
hydrochior.de (43.7 g) and 10% palladium on carbon- (50% 

2« ^ ln methan01 <88 ° ml) WaS Stirred fo - 10 hours 

under hydrogen atmosphere. The catalyst was filtered off 
and the filtrate was concentrated. The residue was 
dissolved in water and washed with ethyl acetate 

30 h V H POr ^ i0n ° f 8 ° 1Vent 93Ve 3 " hydrOX y«etidine 
30 hydrochloride (17.9 g) . 

NMR (DMSO-dg, „ : 3.71-3.80 (2H, m) , 3.98-4.07 (2H, 

*>), 4.47-4.61 (1H, m) 
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Preparat ion 7-7) 



NS0OCID:<WO 93?340?A1 I > 



W ° 93/23402 PCT/JP93/00598 

- 45 - 



To a , olution of 3-hydrorya,etidine hydrochloride 

mtr,« M s concentrated in vacuo "Vf «- 

— (D » S o-d 6 . „ . 3.57-3.64 „ , w „ ,„ 

"•38-4.4, (1H , 5.50 ,2„, „, j^, 

Prepar ation 7.^ 

« - c hl oro f o ra ; i : 6 \ n dLTr o£ ethano1 <6 - s -> 

with atirring at 0-7 7 ? hydrogen chloride gaa 
mtered of ^ " ."T*^ -*« P«=iP"ate waa 

vac„o to 9i : : hy r 3 : J;: 6 " 1 ether - a - d *» 

oxoprop.onx^date hydrochloride (13.7 g) ' 

3.56-4.55 (9H, m) 

give N-carbamoylp.ethyi.,, , 3 c ' ^ dried in vac ^ to 

30 a^onlu* broJe (3 55 ^^P™^ Methyl, 

»» (DMS0-d 6 , o) : 1.97-2. 14 , 2H a| , cc 

3.22 (6H, s, 3 53 ' ; 2 - 65 (2H ' *' 
W> ■>. 7 27 , M K 3 - 53 " 3 ' 63 ■), 4.12 

). V.27 (1H, br s), 7.98 (l H , br 8) 

35 Preparati on R-? } 
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1004 9) in substantiallv <-ho 
of Preparation 1. * **** ° anner as that 

NMR (DMSO~d 6 , 6) : i 3fl , ,„ 

"5-3.62 (2H, 4 . 10 (2 1 *■ »)• 

'-73 (1H . or s.oi' (l 4 H J 2 !,' * 

Prepare <^ g T j 

To a suspension of sodium hydride tz a 

atmosphere, and the to aolur . 40 C Un<ier "Imogen 

'^orycarhonyZeminoacetottrUe ~ «*- dropw i6 e 
minutes, to the «acti=„ ■ . 9) - A£ter 20 

mxture was cooled nours ' «" reaction 

( s i,. i so ri 0 r perature an<i Mter « — 

acetate „ " " E ""' re ' 1 int ° " « 

u -i) and water, and seomt^ 

»as washed three times wi«, k - separate * organic layer 
-gnesium sulfate L the " «« 

oil, which ^LJS^T- ^ «~ " 

elutino in tarn with „.^ e ^ ,4 °° 

n-hexane and 33% n h P v, • y acetate i n 

"ntaini„ g oeaiL ^ d "^ - factions 

Wve ethyl 2- f .-.allyj^^^^ *» ™=uo to 
=cetate (30.86 g). Mnyl) - N -< c y«o TO thyl )ail i no j. 

-). 5.75-6.02 (1H , ' 2H ' 5 - 2 °- 5 -» 

■^g garatioii q_->| 

To a solution of ethyl 2-f N -fall v i rt 

J iw (allyloxycarbonyl)-N- 
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added BO J ion ; % « » « ~ (.0 ~ 

temperature, and the J ture ™£ (6 ° »*) « room 
day .solvpn, allowed to stand for 1 

ay solvent was removed under reduced pressure to 
resxdue, which was chroma tographed on sillll 1 * M * 
eluting in turn with 33% n-hexLe J etH i ? (2 °° ^ 
ethyl acetate to oive N , a i T ^ aCBtate * nd 

,„ . 9 e N -< all yloxycarbonyl)- N - 

(carbamoylmethyl )affl inoacetonitrile ( io . 85 o , 
(CDC13, .) : 4.08 ( 2H, 8) 4 . £ 

^o-4. 70 (2Hf ra) , 5 . 20 . 5 . 40 2 »<; ' 

br s), 6.20 (2H, br s, 2 (1H ' 

Prepara tion g.t| 

in substantially the same ™ Stained x„ 92 % yield 

y tne sanie manner as that of u 

NMR (DM S 0-d 6 , S] •. 1 , 7 / hat ° f reparation 1. 

(2H „i ( ' *' J=6 - 5 6H 2 ), 4.00-4 15 

(2H, m,, 4.40-4.60 (4H , m), 5 .15-5 35 f2B ! 
5 -58 (2H, br S)/ 5.80-5.92 (l H , „, 



10 



15 



20 



A suspension of sodium hydride r3 54 „ 
-trahydrofuran {I50 ml, was heated o 4 »c' I ^ ** 
atmosphere, and then to this solu!L * nitro * en 

—tee, to the reaction mixture wai Jd' d *>' ^ 20 
2>tert-butyldimethylsii yIoxy TlZ " 

the mixture was re 1 J ^ ^ (25 g)/ and then 

-action mixture wL cool T " * hours. The 

30 Poured into a Jx^o Tl ^ ~ J"™"- ~ 
<«0 ml). The organic la ^ yl acetate (500 ml, and water 

. — -. ::;;r,.T;,: ::;•«»-; _ 
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ri 1 "' J5S ' " % —«*. « he„ane to gi „ 

(2H ' '.•«•-.). 3.79 ,2H. a,, 4. 2B .,.; 4 ; 2 " 
■I. .-50-4.60 ,2H. 5.10-5.40 ,2a m) 



5.70-6.05 (IH, m) 



A mixtnre o£ N-(aHyioxycarbonyi}-i(-,2 t 

6N-hydrochloric acid (6 8 1 »i» • ( ?) and 

- LU ( b -B3 ml) m ethvl apot-a*.^ , 

«« stirred for 1.5 hour* at roc , ,5 ° ""^ 

result precipitate J la- 
vas added to ethyl acetate (100 1" *° 
solution was „, shed in tu Jwith ^ter^VT f' 
1,, saturated sodium hydrocarbon! *' 
■»! > 2) and brine ,50 ml, LT? f*" 00 "" " «*« (50 
sulfate, ^ration B — — 

was Cromatoarapaed on J^^JZ " ^ 
ethyl aoetate in n-nexane and S^^Y"? "" h Mt 
"-(ellyloxycarbonyl,-,,.,, hvdm .. to grve 

,5.71,,. y ' ''-"^"^"Wfsminoaeetonitrile 

MMR ,CDC1 3 , 4) , 2 o ,._ . , 

--so , 3 , „. , 0o . 5 . 2o ^ n ; t * : .- o 

Prepara tion in.^ 

^ « - ~ : ^ture was 

nours. The reTct te "^"»" — stand for 12 

reaotron ^ture was poured into ethyl acetate 
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(300 znl), wa6hed in tQrn w±th 

brine, saturated sodium h ydrMe h acid ' 
brine, and dried over ™»f -donate in water and 

- solvent g ave Z l^ZT^T' « 

« n-hexane and 50% ethyl a^*. hyl acet *te 

acetonitrile (4.52 g) . < «^°xycarbonyl ) amino- 

NMR {CDC1 3 , : 3 70 Ou 

(4H L \ J', 1 ' ' J=5 - 2H2 )' 4.20-4.40 
4H y, 4.60-4.70 (4H, m) , 5.20-5.45 MH J 
5.80-6.00 (2H, m) (4H ' ro > ' 

Prepara<-,^ n to 1) 

»•» Wold in sub.t„tl. Uy ^"^ in 
Preparation 1. Me 1 " anner « that of 

«MR (DMSO-d 6 , <) . , 

C». - . ,-20-4 3 0 , H V r4 7 O 0HZ) ' 3 - 50 - 3 ' 70 
5-10-5.40 (4H ml c p I } ' 4 ' 40 - 4 - e 5 (6H f 
(«*, in), 5.80-6.00 (2H, m) 

Preparation TT 

«».» « iT^rm ; 7 - 8 - 1 ' and — 

°°C. After two hours th„ „ . " ^"ions at 

- the futrate Z^ZT^ ~ <*• 
acid, brine, saturated sL „ 1B -**<*°=*i°ric 
and brine. ^Z^TZ^ T~» " — 

-«ure of hexane and ethyl acetate ,s l t "a ' ' 
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Prepare f i. on 



A mature of methyl cyanoacetate (1 2 o mll 
the ^ 9ave " houre " Evaporation of 

""yD-2-cyanoacet^de <„ 3 '* '^^"tboayla^o,. 

3-38 (2H .1 . I ' ' *' J -6-5H 2)/ 

' ' "' 4 - 66 ' 6 - 7 " 2H, each br a, 

ple °"r?'-i-ri 1? 7) 
15 J - 

2-cyanoacata^ide ,«.„ J, ^£T^ 1 " ,Il,0,1,,,, » 1 >- 
»«e added anisoie ,16 J, - ° f ^l^oaethana 

-> « o.c. »e ;j: u : n «:::" uoiMceti = — n« 

tarcperature for 1.5 hoars " 
» tha ras idae „ is t "^"oa of tha 

-1, and eta" a^rj,^" 1 * * ~" 
saparated aqueous U yer was add! T * tte 

-1) whila adjust^ pH to ^ ^arofor.ate (7 .« 
25 potassium hydroxide at 0'c si L 

**»eous residue, „h ich „ as '^?V" W " tta » » 
•thy! acetate, aad tha co^f^o" JH" 1 
over sagnesium sulfate ^ 9 U 5* r "« Iriad 

a residue „hich was Zo^Z2* " T "~ 

"»> to give »-,«-,^ r ^r " " hyl ».l 
cyanoacataaida ,8.3, J X ^ M * nyla " ln °)*»tyl,- 2 . 

» (■»*»!) . 3 270 ,' 225 „, 1650 ^ 
W« (DMSO-d 6 , ()•,,,. 
» 3_1 ' 5 (,H < ■). 2.8-3.15 ,4 H/ 
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3.61 (2H, .,, 4.4-4.5 (2 H , m) , 5.1-5.3 ( 2H 

5 PreDarai-j on 

Ethyl 2-(N-(4-( a u y loxycarbo n yl M a„o,buty ll - 

« ( OMSO-d 6 . ., , (7H> * °» 1- 

» - 3. 69 (2 „. .,, 4 . 3 . 4 . 5 (4H> nu <£ 
(ZH, m), 5.8-6.0 (1H, m) 

Preparat ion H-T j 

is acid r,!T llylM ^^ 1 — )P-tano ic 

«or one hour ev.o™,, ■ M,blent te »P*rat U re 

» which was £e„T£" a t "~ * 

«*1 acetate ^ ^ x^Ie" "reT" T ^ ^ 
waah»rt 4. separated organic layer was 

washed xn turn with hydrochloric acid ,i H 50 ml > 
aqueous sodium bicarbonate (50 *!> and k 
over magnesium sulfate , and dried 

25 l-(5wallvi o r k Oration of the solvent gave 

O t ali y lo xycarbonylamino)pentanoyH-4 k - 
Piperazine (46.2 g). ™ 0 y I )-«-t:-but«aycarbanyl- 

This compound was immediately used a «, * 
compound for the next step. ^ 8tartin9 

30 Prepar ation 

-onohydrate , o T "I T 1*«ic acid 

« stirred at a^ re6Ul "» t ">i"ure was 

«red at ^ erit temperature t or 4 hours. Evaporate 
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7 s - sthanol (8:2!0 to ^ »-he»a„e, ethyl 

" . (19.87 g,. '^'^'-"-'^"^"yDpiper^ine 
IR (NU:io1 ) : 3300, 2250, 1610 c,-l 

7.19 (1 H/ br t) 5-7-6.05 

Prepare „ n n 1t 

Ethyl 2- [ 4- ( 5- ( allyloxycarbonvl ami ™ , 

*> o btained in 8ubstant f ; e :^ ~l oride was 

reparation l. * manner as of 

NMR (DMSO-d 6 , S) : i 3, g 

S'^v* ----- 

prepaT - a »- ^ n 

NMR (DMSO-d 6/ . i ,o /,» 

^,.,03 ,2, ., 7 . 35 (5B ,,--i, t> 
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NMR (DMSO-dg, 5) : i » nn + 

o, 1.33 (3H, t, J=7.0Hz), 2.77 Oh 

t/ J=6.3Hz), 3.1-3 5 f3ii „ (2Hf 

J:» »; . ; : \ H 38 d ,2H - q - 

* ou T : : 2 ::i:" ;rr;T d of rr h ~ ««~- 

— tr portion, H^^* <6 ° ~ 
» at „fc leilt temperature hour " t \ e e r T1 ™ "irring 

»aa c ooled to 0'c. and to the " reSUl " n9 S ° luti ° n 

«*««. vaa aUo^d to waim to ^ 6 •>. — the 

hours. Tne reactioI1 "r.peratare for 3 

20 of cold water (300 .1 , „ „ T ° P lnt ° a »i«ure 

«~. ^ rs^r tL?^ (3o ° *• 

»ater and brine driL tUrn We " uit " 

evaporation oTin 

25 nixture of n-hexane ,„d J! , ' eluti "3 with a 

ethyDa.UnoJpropanenU^L ^ '^^thyiailyloxy,. 

* 'f^' " « «*. a,,' o. SO (SH , , 45 

1-47 ( tot* 7 on i-*"/ si, 1.45, 

in (^ocai 9H, each s), 2 5-? k /o« 

«. *„.«,,. 3 ,, ) ; 2H ; s t :ti 2 - • 

3.55-3.75 (2H, m) 

pre paration k, ?] 
„ T ° 3 stirre d solution of 3-ra-t blJt . 

35 J tw t - but °xycarbonyl- N -{2- 



XSDQCID: <WO_9323402A ._!_> 



WO 93/23402 

PCT/JP93/00598 

- 54 - 



( ^fcatyldimethylsiiyioxy )e thvl i*™,- 

temperature. After stirr;^ * ' 5 5) at ambient 

° water (2 oo ethyl acetate 'T" » • «'«re 

The oraanic layer wa« . ' 3011 heiK "> e U00 

« — OTe r js.- nrtr* - vith 

solvent oave a residua ^aporatioi, of the 

acetate ,9a to 0=10, v/V) to o , n - he *am> and ethyl 

N ~ ,2 ~Ii droxye ^,a«„o ) p r o P a^ 

3-(N-t-Butoxycarbonvl-N-/7 k, w 
Propanenitrile f5 0 5 nl , 2 - h Y<*°xyethyl ) amino ) - 

sanding, solvent was «JTT ° r 2 hourB ' 

and chloroform (40 ™ « etnanol (1 . 5 mlJ 

hydrogen chloride ( i 7 t ^ XtUre Was introduced 
25 fixture was allowed to stand at^cl^nT^ 
Evaporation of the solvent C f ° r 10 ho »«- 

-inojpropanin.idate uihvdroc^IorldT ^ (2 - hydro ^**>- 

■« <»«so-d 6 , , 1>37 de ' 

J/ < 3H ' J=7.0H2j, 
30 4 ' 42 (2H ' 9/ J=7.0Hs) 

frepar-Ai-^n T? ^ 

*> at a^eat temper tl ' "V ^ ,».„ 
>S «e result!-, viscous ™ «a^l ^ *" " h °^" 

" colle «ed by decantation. 



KJCrw-jrv -wo owiwr)*, 1 „ 
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adjusting pB to around j with ' <3 "" nl) uhile 

5 ON) «t O'c. ^poration o Tr P ° ta8ei,,m hydr °^ 

»» ^13, *) : 2.70 „„, br 3 66 

("tai 2a . eacn br 6) , 7 . 36 j B ; s ;>- 5 -»- 

To a solution of 3-(N-carbamoylmethvl n k 
carbonyla^inojpropanenitrile n 6 /^^-^^oxy- 

tetrahydrofuran (250 ml, ! ?) " 9 miXtUre ° f 

" t' ao and methanol fGn mi » 
acetic acid [7.2 »l) and Ba1 , J ^ (60 ml) were added 

3.3 g) under n it PalladllUn « Ca ^" (20%, 50% 
?n ' unaer nitrogen atmosphere 

20 mixture was stirred u „Hp r >, ^ Sphere * resulting 

at m . . Bti rred under hydrogen atmosphere fo^ ? v. 

at ambient temperature Aft*,- ^ 2 hours 

- rr . aol _ s _t^rr;L: f cataiy - * 

25 P witnout further purif icat-i™ 

5 2 ' 65 < 2H ' 2.65-2.80 (2H 

*)/ 3.08 (2H, s) 

££gBaration 17 3j 

- - l"Z 9 L7^Z f 3al ~"* 

> 1-37 (3H, t, J=7.0Hz), 
4 -45 (2H, q, J=7.0H 2 ) 

15 P£g garation ib.^ 
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„™J rba,noylmetl,jrl -' , - an y 1 '»y=«b„ny lMino) . 

Propaaenrtriie ,„ ioaoa ceta„iae ~ 

allyloxycarbony! chloride ,33 «l, in .^J, ' 

5 M " e -"'«• « that of Preparation 14-2, * 
IR (Nujol) , 3370> 3l50> uso ^ 

^ ( ™ so ; d a 6 - " - (». -). 3.4-3.8 (2H , 

"». 3.88, 3.84 (total 2H, each,,, 44 . 4 

Preparafi» n 1fi-?| 

Ethyl ^(N-allyioxycarbonyl-N-carbanovl^h , • 
propanimidate hydrochloride f u 36 * tbnK * 2amth * l ****o)- 

15 substantially th- * 9) obta «ed in 

antxaaiy the same manner as that of i>~, 
NMR (D«SO-d 6 , , , , j 38 f Pre P a «txon 1. 

Preparat ion j 

A mixture of a-dnethyiamincpropanenitrii. 
lodoacetamide /25 m Panenitrile (12.6 ml), 

Orcacoorapheo - J^^^S™"" **■ ~ 
mixture of chlomf } eluti ™J with a 

were collected and evaporated * 0b 3 e ^ive fractions 

— UP into ethyl a ^r 1 : ) 9 ::: a r due which - 

(10 ml X 21. Evaporate i With brine 

ether gave 3-, N cLT ? triturati - with diisopropyl 

gave j (N-carbamoylmethyl-N-methvlaminox 
Propanenitrile (9. 84 g) . ^tnylamxno). 
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» (Nujol) : 3380, 3150, 2240, 1600 cm-1 

™* (CDCI3, *) : 2.40 (3H, s), 2 . 55 (2 „, t , , 

2-78 (2H, t, J=6 H Z) , 3.10 (2H, s), 5.76, 7 . 08 

(total 2H, each br s) 

5 

Prepara tion .q..-?) 

Ethyl 3-{M-carbamoyl m ethyl-N- me thylainino)- 
propanimidate dihydrochloride was obtained i„ 

10 ^ZlllT ~" ™ " ^ ° f P "P-tion 1. 

s? ; o'^ : K37 (3H - j=7hz >< 2 - 87 

X 3 ; 0 - 3 ' 7 (4H ' *>< C». .,. 4.47 ( 2H, g , 

Preparation 20- 1 ) 
15 3 ' (N - {2 - t - but yWimethylBilyloxyethvlUN mo-H . - 

::rr true (23 js 91 - - - ^TAt 

same manner as that of Preparation 19-1,. * * 

This compound was immediately used * e 
compound for the next step. Starti " 9 

20 

Preparat ion 20-7) 

3-(N-(2-t-Butyldimethylsilyloxveth v n M ^ , 

propane (11 . 6 „ . j di3 r 01 ™ ett™ ; 

containing about 10% m/wi of t j "hanol (20 ml) 

25 temperature. After 'II ^ CWOride " 

f After standing at ambient temperature •> 

ours solvent was removed by evaporation, andthT * 

remainrng acidic media »as removed by a,eotropy « t h 

Propanenitrile hydrochloride (6.83 g, 
30 IR Cujol, : 3250< 2600> 22S0 ^ 

3.35-3.6 ,2H. m,, 3.77 , 2 „, t , J.5.2HS, 
Preparatio n 20- ?j 
'5 Ethyl 3- , N- , 2-hydroxyethyl , -N-methylamino , - 
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pr°ea„ im idate dihydrochlorida ,12.! g) ras oitained 

Z ^ — " " " Nation 1 

" (nSS °- d ^ *> • 1-3' <3H. t. W Hz,! a .„ pH,' 
a). 3.0-3.8 (8H, 4.46 (2B, J. 7Hz) 



Prepar ation 



*ethyl,-N,N-dimethylaim*onium bromide (5 74 It ■ 

in substantiallv tho 5) Gained 

10 . 8-1, . 7 " that of Preparation 

"« ("WO-ds. i) : 1.98-2.17 ( 2H, 2 . S5 {2H t 

3.23 ( 6H, 6) , 3.10-3.30 ( 2H, ^ ^ 
3.39-3.86 («. ro) , 4 . 14 (2H# 

15 J=5H2 )' 8 '67 (1H, br t, j= 6Hz , 

Preparati on 2]-?j 

was obtaxned in substantiallv » gj 
20 Preparation 8-2, . * Same "T* * 8 that «* 

■» (D M SO-d 6 , „ : 1>41 ^ J=?R 

^ -SS-2.95 m,, 3.05-3.80 ; i2Hf m) ; 2 t2H ' 

4.1-4.8 (4H, »), 8.89 (1 H , br s, 

25 Preparat ion 77.. 1 } 

N-(2-Hydroxyi„ethyl)-N- ( 3-cyano P ropyl ) - N mwu , 
ionium bromide (6.86 g) was obtaiL N ' N - dlmet hyl- 

same method as tnat'o. 

»<~«.i). 1-.M.13 ,2H, m,,^ {2H , t, 
J-7HZ,, 3.13 ,6H, a,, 3.37-3.50 (4H, m, 

3.70-3.95 (2H/ m,, 5.31 (1H, t, J=5 H 2 , 

Preparat ion 77-1} 

E t hy a '-(N.»-di»eth y l.„. (2 . hyIlrt>:(yethyl)Monoa . o) _ 
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butyrimidate bromide hydrochloride .7 77 1 
in s^tantiaU, the 6 1 JZTJIZ II 
Preparation 8-2). 

™>. 2.77 (2H . t . J , 6 . 7Hl) , 3 . 16 ^ (»• 
3-3-3.65 ,4H. 3.7-3.S5 (2H , ^ ^ 

Prepara tion ) 
10 To a Bfc irred solution of 2 in v a- ^ , 

Electee by «it ratiM ;:jiri n LTuT't ~* 

hours. Evaporation of the solvent gave „-, 2 If!! , 

J * 6H2) ' 3 " ,2H ' *• 6.« (2H , br s, 

Prepare io n 

^^a^n r rTCLr^t:a 3 -T t,PrOPyl) - , '' K - 
s- manner as tnat or rr^rlr^r ^ 
»HR (0 MSO- d6 , 4) , ' 

3.U (6H , s,. 3. 30-3. 50 2H "> ' ' 
3-S0-3.75 (2H . «. 20 _ 4 . 40 (2H> B)f 6 7? (jh< 

30 Preparer i on 

Ethyl <-(N-(2-carba 1 T l0 yloxyethyl,- N/N . 
diraethylammonio) butyrimidate ^ ^ , 

was ^ - cyrimdate bromide hydrochloride (9 9 a, 

-:p«atoTa-:r" antiauy the 8m * ~~ - - 
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(2H, *), 2.80 (2H, t. J=7Hz), 3.16 (6H, 
3-34 ^SS , 2H , n) , 3 . 55 .3. 75 ^ J u ; 3 < 
*>, 4.48 (2H, q, 4.68 (2H, far s, 

5 Preparati on 24-1 ) 

N <N -di m ethyl e thylen e d iami ne (6.42 g, at ambient 

10 anTtT" 6 ' °" e h ° Ur ' thS »**™ was evaporated 

V XeSidUB ~ chro^atographed on silica Z tlTL 
elutxn ith fflethanol tQ give (15 ° 

d^ethylethylenediamine (7.0 g) ~ 
- 2.24 „ f 6) , 2 . 44 (2H , t/ 

15 3.30-3.49 (4H, m) , 6 . 73 (1H# br s) 

PreDar*+i on 

^^"^^^^doethy^-N^-dimethyl-N , 2 
hydroxyethyl, airanonimn iodide «*Fl H-(2- 

N-cyanoacetyl-N^H.^ ^L^W^ ^ ^ 
20 Chanel (i.a ralJ in Si^SS^T (2 '° 9> ^ 
that of Preparation 8-1, * **** 33 

— («*>^. „ s 3 . 13 ^ 

3.^3.80 ,6H, 3 . 75 . 3 . 95 (2H/ < / 5 ^ 

s t, J=5H 2 ), 8.50 (l H/ far s, ( ' 

Prepara<-,- m ?1 -, ^ 

Ethyl 2- f N-[2- { N,N-din.ethyl-N~/? ^ 

a -onio}ethyl ] carban,oyl ] aceti!rlr 7 dm ^^ 
(2.96 g, ^5 It-* • . * 10dide ^rochloride 

g; was obtained in substantial lv -h,. 
> that of Preparation 8-2) . ta " tially the «— ^nner as 

NMR (DMS0-d 6 , ft . , 

(8H m , , ™ , ' ' *' J=?H2) ' 3.08-3.20 

(«, 3.20-3.80 (6H, 3.80-4.05 (2H ,» 

4.45 (2H, q, J=7Hz) (2H ' 
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ffl * { ^ cyanoethe nyl) pyridine /d n ~x - 
su.stantially the same manner J P L t of Prepaid" , 
NMH (DMS0 - d6 , * ) B (3H# tf j=7h ^- - - 

™z>, 7.48 (Ul f df J=16 . 3Hz)/ B. 1-8.25 2H ' # 
■)/ 8.8-9.3 (3H, m) (2H ' ' 

Prepara tion 3fi.i ) 

To a solution of 3-t j.rMT,^^!. 
» - acetone ,50 »!, was <«•<> 9) 

-suiting precipitate was ^ » «- 

v.tn acetone to 9 ive S-.fc^^^f^^T 
pyridiniun, iodide (12.3 g) hyl 

™ R " * 4 -' 3 ' ,3H ' «■« d. 

*-"•»*>. ».M (1H. d. J-16.7H,,. ' dd 

.T = fi 8H2 *' 8 ,1H ' <• J"8H. ) , 9 . 03 ( 1H d 
J-6Hz), 9.32 ( 1H , s) (1H ' d ' 

«*nner as that of Pre paration x . * Uy the 8arae 

NMR (DMSO-dc *^ . i 

--M«;,-::c::'3r;^ , 'd 4 -r (3H ' 

> " o'.iV 5) ' lg ' 9 08 «». — I. 

J0 Preparai-4^ >> ? T) 

1 odo a «r:ir ( r, 3 g) ,2 ; n cy : n r enyi,pyridine < 2 -° - 

-ent te^pete^V:: r £ Z™^™ " 
was collected by filtration * reSUltin 5 Precipitate 
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Pyridinimn iodide (4.23 g) 

— (-JOhu. . s.'« (2H , .,. 6 . 86 (1H , d 

- <°«so- as . „ , (3H> t ; 

(IB. d. *M.*| 1 8.07 « ' H ' 

..i-. 4 (JH , ,,.,^3-; b) 

Prepara tion 3fi-i^ 

was 0 H; (2 ~T n0ethyl) " 1 ' Inethylp y ridin i»» iodide ,22 pi . 
^as obtained from 3-(2-cyanoethyMov^ rf - 9) 
Ethane (20 * 1} in 3^^ ^" ' U ' 98 " 
20 that of Preparation 26-1, . M " 8 manner as 

NMR (DMS0-d 6/ 6 ) : 2 9-3 1 ,,u 

' - £ s 

(1H, >' " (1H ' d ' J=6 Hz), 9.07 

25 

~ as that o£ Pt 9paration , Uy °™ 

30 NMR (DMS0-d 6 , (, - 1 « 

*. «*. BHz, B « , T?', T U (1H ' 

35 .PrepaT-ai-i on ?q,-, ^ 
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A solution of chloroacetonitrile (4 ml) and 

"> 60 c for 3 hours. The resulting precipitate 
collect* by filtration, washed with oiiaopropr "Lr 

chloride ,2.83 „. This prodoct was i-ediatelv ulo 
the starting compound for the next step. * " 

PreDai-af i on 2Q..3) 
10 Ethyl 2-[3- J nethyl-l-i I „i da2olio j acet . , 

h yd ro Chloride wa8 obtained in BU jj t zT y ii: z: xide 

manner as that of Preparation 1. "~ 

(2H m) 9 28 M J " 7H2) ' 5 * 32 (2H ' 8 >' 7-7-7 B 
( z "» »)r 9.28 (1H, B ) 

Preparati on 

A solution of 4-bromobutanenitrile , 5 6 fflll , 
thiazole ( 4 mi i 15 ml ) and 

(* ml) an toluene (20 ml, wa? >^«- _> 

20 10 hours. The result 6d t0 120 ° c 

« 5 . T ne resulting precipitate was collem-orf k 
filtration, washed with diethvl ethe Colle =ted by 
^ /i axetftyi ether, and dried to 

B-O-cyanopropyDthiazoliu™ bromide f6 .25 a) 
IR (Nujol) : 2250 curl 

m* ( «so- d6 , „ , 21 . 2 . 4 (2Hj 

'-'Hz,, 4.60 (2H . t. 8 . 39 . 8 J ' *' 

•■«-.»0 ,». 10.30-20.36 ,2H. " ' ' '' 

Preparat ion 30^ 

0 hvdro=h! ,i ' 1 -, 4 " ,3 " thi " OUO)bUtani, " id " e b ^«e 

hydrochloride was obtained in substantially the same 
namer " that of Preparation 1 M * 
*» <0»S0-d 6 . „ , lJ( (3H> J=7H 

J»7Hz ) , B . 38-8 .43 (1 H, m,, 8 . 60 . fl 2 " ^ 
10.42-10.44 (1H, ., UH ' 
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i^rr:/f/- b T b<,tanenitriie ,4 -" " « 

(10=0 to , :3 , v/v, to sive 4 TL1 C " 0r0£ ° m » d -tta-ol 
(2.86 g) . 9 4 '""""i-l-yljbttanraitril. 

Reparation 31^2^ 

15 Preparation 1. antiall y the same manner as that of 

NMR (IWSO-dc, S) . i » 

(1H , 6 ;:tv ( L":-:, <4H ' n> - 

20 Prepare i on 33 _-^ 

separated by decantati^ - T The res,llt «g oil was 

0 b) («, 7.82-7.84 „, ^ 
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NMR (DMSO-d 6/ S) ■ 1 37 ,, H «. 

«••-«•« («, 7.54-7 g6 o'' ' J=5H^, ' 

fMESrasianJiOi ' <«. s) 

oh*. • ^ 3 " Cyan ° l>ro W 1 ) -2-»thyltaid»zol. .< 35 „, 
obtained flM 4-bro^butanenitrUe ,5 , „ * " *" 

" * H < 1H ' d , J=1.4Hz) 

~ a. tbat o£ Pr ~n" tw .« 

"» <™S0-d 6 , ,, , , 36 j 

*». -a.. 4h . , 90 ' xh dd 7 - S ° (1H ' 

'•90 (1H, dd, J=l Ht( 41fJ) 

Prepara tion , j 

« -ted to B0 . C for , hoa ^; 2 £ » US 1, 

-parated b y decaatation aad waabed w" to T ~" 
^-O-cyanopropyl,^.,,^ "" h "*»«e to give 

bromide (2. 98 9) y 1 -" leth ylir,idaaoli OT 

££g garation tt- t^ 

^ H,^ thy ,, K%1 . 3 ^^^^ 
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butanimidate bromide hydrochloride was obta - , - 

substantially the Bame °b tained ^ 

»). 2.78 <2H, t, J=7 . 5H2K 3 2 - "^3 <2H, 

7 - 66 ------ rr 6 

Prepar ation ^ 



~ U. 

- „ . (2 < •« • ; 

1.7-1.9 (2H, m), 2.51 f2H t- , , ( a) ' 

7.M-7..4 ( 1H , 9 . 25 (1H> 6) ' 18 ' «J. 
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manner as that of Preparation 1 * ^ 8ame 

NMR (DMSO-dg, S) : x.1-1.45 (5H , 

™>< 2 -" (2H, t, J= 7H / 3 w ' " 2 -° f4H ' 

t, J=7Hz), 4.45 ,2H „ \ , ( ' 5) ' *' 22 < 2H - 

PrepaT-*+i 0n ^ 

To a stirred solution of 5 
imidazole m 5 56 n , . * ° 5 - hy ^ 0 *^hyl-l -methyl- 

mixture was allowed reaction 

aj-iowed to warm to ambient to™^ 
evaporated. The residue was chT tein P e «^re and 

was chromatographed on silica gel 
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^da 2 ole hydrochloride " 5 : 65 5 g 7 hl ° r0meth ^^-et hyl - 
"« (CDCI3 # 5) : 4.00 (JB , O o 

< lH ' B), 8.99 (1H, 6) 

f- c y ano ^thyi,i. mGthyliinida 

15 <- 1 T ;; i :it::°; 4 rr nonethyi - i --^"-- 1 e . 

temperature for 10 hours th """S at "»M«t 

collected by fUtratio n ' ! re6Ultin 9 Precipitate was 
* J - lcra tion l washed w**-k . 
20 give 4-cyanomethyl^i 3^ h , ace *°n e , and dried to 

g) . ^^^.oliu, iodide (9.41 

~ as t„.t of Pre^rtil J*"""*"' «- — 
« <«o- d6 , ., , , 34 (3H< t j=7Hi) _ 

4 -« (2M, q, J=7 HZ ) 

5 of Preparation 35-1, . 7 ^ method " that 
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NMR (MeOD, 6) s 3 97 no 4 . 

> 3.97 (3H, s), 5.08 (2H, 8) , 7.59 

s {1B ' d ' 7 -« (1H, d/ J= 2H2) 

^ substantially the 9am *» ma g) was Stained 

, same manner as that- « 

41-2). * 5 °f Preparation 

10 1R (Nujol) 2200 an-1 

-M3H,3,,3. 89{2 , 8K6 . S1 
(1H ' d ' J=1H2 >' 6 - 97 (IH, d, J,l H2) 

£ r £2arati£n_36 r 3i 

Preparation 35-3). ™ inner 38 th «t of 

Ik (Nujol) : 2250 cm-1 

(6H ' S >' 4 '80 (2H, s), 
20 7.77 (2H, s , } ' 

Preparat ion ^./t . 

«MR (DMSO-d 6 , 6) t lm23 

4.17 ( 2H a 1*1"' V J=?HZ) ' 3 ' 80 «*, 
s) ' *' J_7H2) ' 4 ' 49 f2H, S)/ 8.37 ( 2H, 

30 Preparaf^r, 37 ^ 

To a suspension of sodium hvdrid* , 

was taken up into a „ ixture o£ J?" UX for 3 and 

«*1 •«.«. (100 nl) . tU rL u ™ t : r r e (15 ° ~ 

«suitant precipitate was 
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filtered off, and the filtrate w«« r. 

residue „Mch „ as chMi ^ "J - olve . 

V/V, tc 9 ive 4- (2 -c y .„ceth^!:: .ZJT'I " etate «' !3 ' 
5 imidazole (9.7 3) . < tnphenylmethyl ) - 

™* <°«s°-<6. {) .. 6 . 04 (la> d< j=UHj)j 

7-0-7.6 (18H) 

8) ^ a mixture of met-h^^i . 
acetic acid (2 „ rt , Ms heated J*,^" 1 , < 8 ° nl > — 

Solvent. „e re renoved by evaporation ^ 
washed well «,«, ^Z :, la T**" ~ 
15 imidazole acetate. „ hic „ Kas ^ J ^T^"* ' " 

the next step. without purification for 

« MM,, O . 6.00 ,1H. d, , „ 

To a stirred solution of 4-f 2-cvanoo-v, , 
(13.6 g crude) in 4 < 2 C ^oethe„ y i )ilIlidazole 

carbon {10% , 50% wet, 2 5 g T ^ T ^ P * llad ^ °* 
stir under a^ospher c P res ure of J^T" ^ t0 
5 texture for 5 hours P " h 7cat a l " 

« - filtrate wa8 eva jir t e w :: (2 fi r ed : ff 

imidazole acetate (4. 47 g) . 4 -<2-cyanoethyl)- 

NMR (DMSO-d 6/ 8) . 2.35-2 fis 

2 .35-2.65 (4 H/ 6 . 68 (1 

, '-49 (1H, 8) 

Prepar*» i on 37-4 j 

Preparation 1. ™ anner as th « of 
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4-44 (2H, q, J=7Hz) 

Preparati^ »-i j 

2 -(2-Cyanoethenyl)-l- met hylimidazole (1.14 g) was 

?llT, fT 7 di6thYl C ^ eth ^°3ph a te (17.54 ml, and 
l-»ethyUnudazole-2-carbaldehyde (16.8 g f crude) in 
substantially the same method as that of Preparation 

* J ^ A J • 

- <C0C13, •) : 3.74 ,3H, s,, 6 . 32 (1H , d# J=16Hz) , 

7.01 (1H, d, J=0.7Hz), 7.15 (1 H , d, J=0.7Hz,, 
7-20 (1H, d, J=16Hz) 

Preparation -ia-?} 

To a stirred solution of 2-(2-cyanoethenyl>-i- 
ZT ^T' 32016 (2 ' 3 « in -^one (5 ml, ^3 added 

aT^lTJ 5 " ambiSnt tero ^«- ^ter stirring 
at ambient temperature for 3 days, the resulting 
Prec ipita was coUe . ted by filtration> washed 

acetone and dried to give 2-(2-cyanoethenyl)-i, 3 _ 
dimethylimidazolium iodide (3.3 g) 

NMK <IW0-d 6 , „ : 3 .93 <6H, s,, 6 . 75 (1H, d, 

J=16.8Hz), 7.87 (1H, d, J=l S . 8 Hz,, 7.89 (2H, e, 

Preparati on 38-1, 
iodidf^ 3 "' 1 ' 3 ^^ 

xodxde hydrochloride was obtained in substantially the 
same manner as that of Preparation 1 . 

**H (D«S0-d 6 , S) : K46 (3H. t, J= 7H 2) , 3.97 (6H , 

7-82 (1H, d, J=16.5Hz), 7.95 (2H, s) 
Prepara tion j 

th it V ? dlChloro "« h ^ (5-0 ml) was added dropwise 
«-„ yl chloride ,0.3! Kl) « . 3 „. . . 20 . c . Mt J^l ng 



WO 93/23402 PCT/JP93/00598 

- 71 - 

one drop of N, N -di m ethylf orraainide , thQ 

t . ^to anient temperature for 2 houra . 

of the mixture gave 4-chloromethyl- 1 - Ine thylp yr a 2 ole 
hydrochloride (0.65 g). M^zoie 

5 "** (DMS °- d " •) 5 3.82 (3H, 4.69 (2H, s), 

7-51 (1H, s), 7.82 (1H, s) 

Preparati on 39-7) 

To a solution of sodium cyanide ffi 88 «» * 

C for 20 minutes, the reaction mixture was evaporated 
and the residue was chromatographed on sil ica ~ ~' 

llli ; ' V/V) t0 9±Ve 4 - c y«nomethyl-i- 

methylpyrazole (3.31 g). 

IR (Nujol) : 2250 cm-1 

»» (CDCI3. : 3.58 <2H, s), 3.89 (3H . s>, 
, Q 7-39 (1H, s), 7.42 (1H, 6) 

Preparati on 39- 

To a solution of ^cyanomethyl-i-^thylpyrazole n ,7 • 
g) » dichloromethane (15 ml) wa3 added (3 ' 2? 

trxfluoromethanesulfonate (triflate, {3 . 2 ml) at 0 . c 

I t eTr allWed t0 ^ t0 ^Peratu- 
After 4 hours' stirring at ambient temperature the 
resulting oil was 8eparateQ fcy decanta ^ * 

Pentane and dried in vacuo to give 4-cya„omet h £ - 2 " 

-ifluoromethanesulfonate whLh was 

With ° Ut ^^ation. 
NHR (D MS0 -d 6 , {) : 4 . 04 (2H/ s)/ 4 Q8 ( ^ ^ 

8.50 (2H, s) 
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Prepara tion 3 9-d) 
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NMR (DHSO-d 6 , «) : i 2 1 * t *> 

; A -^ A < 3H ' J = 7Hz ) , 3.71 f2H 



Prepara tion Jfi-i j 



<3-4 -I, at 0-c ana tne LtSlT? 1 tri "" e 

g, ve dl^thylBulfonioacetoniteiie 

-"trriz tsar - - - - 

,DMS °- d «> *> ■ *•»» f«. .). 4.75 (2H , „ 
Preca ution 4»-?| 

Ethyl J-fdiinethylsulfonioJacetimidate 
trxf luoronethanesulf onate hydrochloride ( 8 . 45 g, was 
obtained in substantially the sa™> „» 
Preparation 1. """^ as of 

NMR (DMSO-d 6 , 5) . i 26 Mw . 

4 * 24 < 2H ' J=7H2) f 4.62 (2H, 8) 

° e (39.5 ?) uas obCained j subatani-i.i, .v 
SMe "—r - ttat of Preparation 1. " U " t " ,t " 11 * «*• 
I afi. «) • 1.33 <3H, t, J=6.8H 2 ), 2.8-3.1 
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warmed to 40°C for 10 hour* . re8ult ^g mixture WaS 

methanesulfonate. "'^^^Y^e)^^ 

NMR (DMS0-d 6 , «, . 3 . 12 

a,, 4 . 29 (3H , 8) (3H ' 6) ' 3 ' 31 <»' 3.40 

Prepar-at-i^ ^ 

«M* (DMSO-d 6 , „ ; 1.34 (3H, t ' J-6 ■„ . 

, ou _ c # J-0.8H2), 4.15 

(2H, d, J=5.7Hz), 4.4-4 6 iau . 

A B i xture of 4-bro 1 »ob, 1 ta„enitriie (1 49 „, , 
N-ethylpyrroiidine „,„ < • ) and 

*» '0-C for 5 hours. After cooH^T t "! " " ' ~ 
precipitate wa3 coUected f °^ 9 '^ ^1«"9 

««h yl ether and dried to gJe """^ With 

' ' J " 6,,2, ' 3 -° 5 < 3H ' ■). 3.35-3., 
Preparation a*-?) 

« »an„er as that J'C^TT? " «- 
« ,o«SO-d 6 . , ,.3, (3H; • 

(«". »), 3.05 (3H, a) 3 3,, c 19 -2-2 
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Example i 



5 acetonitxiie (2 0 ml, was cooled at oVl^ ' ' ^ 
adjusted to around 8 5 with in* PH ™ 



(continued on the next page, 
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?-0 with IN a, ue0 us hydrochloric acid. The mi*t„™ 

:::c h :r th " hyi acetate a " d ^.„: x :r was 

Mitsubishi Chemical Industries) (50 ml) eluti™ • 
"ith water ,100 ml,, and a mixture o" water aL " ^ 
acetonitrile (9S = 5) to give an oil . r^TuZs 
concentrated and chromatographed again with sit 
10 .ml,. Slating with a mixture of water ZT * <4 ° 

tl'2\ ~ water and acetonitrile 

a2 ^cyclo r 3.2.0jhept-2.ene-2.carboxyUc add ri« 
15 „ IR (Nuiol, : 1750 cm"! ^ " ■ 

NMR (200MHz, D 2 0, 6) : 1 io , , M ^ 

(3H, d, J-6.4H2), 3.1-3.5 f2H m * a n / 
m) " ^ ( 2H > m), 4.0-4.2 (8H, 

20 The following compounds were obtained in 

substantially the Same manner ae that of ± 

Example 9 

acid ^xcyclof 3 . 2 . 0 Jhept-2-ene-2- carboxylic 

IR (Nujol, : 1740 cm-1 

^ (200HHe, D20/ „ , U2Q js 

. (3H, d, j-6.4^,, 3.1-3.3 (1 » " 3 4S 

4-0-4.4 (5H, «) (3H ' 8) ' 

Examp ]f> i_ 

(«.5S.6S,-3- ( l. (2 . (MethyUhio)acetin . doyi)a2eti()in _ 
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3 -yi]thio-6- [( iR ) -i. h y droxyethyl] _ 4 _ iaethyl 7 oxq ^ 

a 2 abicyclo[3.2.0]hept-2-ene-2-carboxylic acid 
IR (Nujol) : 1750 cro-1 

HMR (200MHz, D20/ „ , x . ao (3 „, ^ ^ 
(3H, d, J-6.2H*), 2.19 (3H, 3)/ 3.2-3.3 (1 H , *), 
3.45 (4H, br S)/ 4.2-4.4 (5H, m) 

Example d 

[3.2.0]h e pt-2-ene-2-carboxylic acid 
IR (Nujol) : 1740 cm-1 

NMR (200MH Z , D 2 o, „ , lml9 ^ d# J=? 
1.30 (3H, d, J=6 .4H Z) , 3.1-3.3 ,1 H , 
(4H, br s), 3.8-4.4 (6H, m) 

Example _5 

M thio «-C{U<)-l-h I drQ Jt yethylJ-4- I »thyl-7-oxo-l- 
- a b 1 c y clo ( .3.2.0,hept- 2 .e ne - 2 - carboxylic 4cid 
IR (Nujol) : 1750 cm-1 

« i*m* D2 o „ . (3H , d , ^. ■ 

■Example s 

(4R,5S / 6S)-3- ( i- {2 - ( N / N-Di I nethylcarbamoyl)- 
aceti nil doyl}a ze tidin-3-yljthio-6- rflR , , hwi _ 

IR (Nujol) : 1750 cm-1 

<3H d J-6.au,. 2.96 ,3H, b). 3.07 ,3H, .,, 
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( 4R, 5S , 6S ) -3-[ i,< 2 - ( 3-Hydroxya Z etidin-l-yi carbonvl t 

acid u J ne P t ~ 2 -ene-2-carboxyli c 
IR (Nujol) : 1740 cnrl 

(3H. d. 3.1-3.S ,. 8 . 4 . { (M 

Examp le a 

f( iR, T i . r luti ° n ''"'^''^^-i^Mdin-a-ya,^^ 

hept- 2 -ene- 2 - carbo ,, y ic 7 *«lBlo[J.l.,j. 

Phosphate tu£fer ,J 6 .« «„' ; 9) " 3 " 1Xture ° f 

— water , s "I 'Z JL b ,30 ii, 

„ ' s added Portions ethyl 

stirring at pH 8.5 for another 30 minutes JL « 
adiust-^ri n n - , minutes, the pH was 

aajusted to 7.0 with hydrochloric acid (6H) at o-c ™ 
reaction fixture was wa.hed four ti TC s ! J ' 

tetrahydrofaran and ethyl acetate wv t f 

-d evaporated in vacuo to give a residual' 

/ -tu«-j.ng with a mixture of water «nrf = s. . 

(100:0 to 92-8 v/v, «. ! acetonitrile 

r^rsr - ---- ^ 

^riyst r« ^ci r s wre coiiected - 536660 thro -"- 

co., ,30 ' IJr' TradH " ark - — * **. . Haas 

,4R,5S,6SJ-3-tl. {4 -, N .carba m oyln,ethyl-N.I,-di m ethvl 
an-o„io )b utyr iK i d oy 1)a , etidin .3. ylth y io) ;^^- 
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hydroxyethyl] -4- m eth y i.7-oxo-l.a 2a bicycl 0[ 3 . 2 . 0 Jhept-2- 
ene-2-carboxylic acid chloride (495 mg) . 

(Nujol) : 3250, 174 0/ 1680, 1630, 1580 cnrl 
«"* (D 2 0, 5, : 1. 19 (3 H, d, J= 7.2H 2) , 1. 30 {3H , d, 
J=6.4H 2) , 2.01-2.25 (2H, m>, 2.40-2.61 (2H, m.) . 
3.10-3.30 (1H, 3.31 (6H, S)f 3 .46 (1H, dd, 

J=2.5Hz, J=6.1 H2) , 3.60-3.80 (2H, m), 4.10-4.40 
(7H, m), 4.62-5.00 (2H, m) 

The following compounds were obtained in 
substantially the same manner as that of Example 15-1). 

Example 9-1^ 

(«,S S ,6 S )-3. t l. [2 - (AUylol[lrcarboIlylMiino) _ 
ac« l ^o y l J « eti(lin .3. ylthi<)] . 6 . r(1 

»ethyl-,-oxc- l - a2 a bi c y clo [ 3. 2 . 01h e p t- 2 .e„ e . 2 . ca L^ c 4 

»«* (D20. t) : 1.18 ,3H. d, a=, H2) , x.30 (3H , d , 
J-«Hz,, 3.1-3.3 , lH , 3.45 ( 1H , dd. J= 3 Hz, 

4.03 (2B, d, J-3BZ). 4.15-4.55 (5H, m) 
4.55-5.0 ,4H, m>, 5.2-5.45 ( 2H, s.8-6.1 ,l H , 

Example <?-■?) 

( 4R, 5S , 6S ) -3-[ 1- 1 2 - ( N-Allyloxycarbonyl-N- 

-eth y lamino,acetimidoyl ] a 2 et i din-3- y lthio J -6- [( i R) . 1 

^™yll-4-methyl- 7 -oxo-l- az ab i cyclo 3.2 ]h ep t : 2 - 
ene-2-carboxylic acid P 

(D 2 0, „ s x. 19 (3H/ d# J=7HzK ^ ■ 
J=6HZ), 2.98, 3.20 (total 3H, each s), 3.1-3 4 
(1H, m) 3.44 (1H, dd, J=3 H 2 , 6H 2)/ 4.1-4.5 (' 7 H, 
*, 4. 63 4.66 (total 2H, eachs), 4.68-5.0 (2H 
™), 5.2-5.45 (2H, m) , 5.8-6.1 (l H , m, 



35 Example 9— 3 ^ 



WO 93/23402 PCT/JP93/00598 

- 79 - 



10 



15 



20 



25 



30 



35 



t^'^'^J-S-tl-tZ-tN-Allyloxycarbonyl-N-tcarbainoyl. 
me ^yi)aniino]acetiinidoyl ] a 2 eticiin-3-yl ] thio-6.r, 1 R, i 
^roxyethylj ^^ethyl^-o.o-i-a^cyclo^ . 2 . ^ he ^. 2 \ 
ene-2-carboxylic acid 

IK (Nujol) ; 1740, 1700, 1680, 1575 curl 
» CD20. I) : 1.19 (3H, df i. 30 (3H , d, 

J=6.35H 2) , 3.10-3.35 (1 H , m), 3 .45 (1H, dd, 
J=6.14H 2 , 2.44Hz), 4.17-4.40 (9H, m>, 4.60-4.80 
(4H, m), 5.20-5.40 (2H, m), 5.80-6.15 (1H, m) 

Example Q-A^ 

/ 4R ' 5S ^S)-3- [ l- [ 2-rN-[2- ( Allyloxyc a rbonylo X y,- 
ethyl -N-allylo,yca rb onyW„o ) ac e t i ^ d oylazeLZ-3-yl J . 

[3.2.0jhept-2-e„ e -2-carboxylic acid * 
IR (Nujol) : 1735, 1680 cm-1 

J-6.3HZ), 3.10-3.30 (l„, m) , 3 . 45 ( 1 ' 

ITT/n l' 5EZ) ' 3 - ?0 (2H ' br8) ' 4 - 10 - 4 '" (9H, 
4.60-4.80 (6H, m>, 5 . 20 - 5 .40 (4H, m), 

5-80-6.15 (2H, m) 

Example 10-1 y 

To a solution of (4R,5S,6S)-3-(l-[ 2- 

I(lK)-l-hydrox y ethyl ] -4- n ,ethyl-7-oxo-l-a 2 abicycl 0 r3 2 01 
hept-2-ene-2-carboxylic acid (i 04 -1 in . J**" 1 3 ' 2 '° J ' 
Phosphate buffer ( P h 6 86 2 ° f 
adHoH «, ' 5 ml) and et ^nol (6 ml) were 

adde d successively tri-„-but y lti„ hydride (0.96 ,1, 

ce xc aci d {0 .21 I, and a solution of trlpnenylpLphine 
(0.12 g, and tetraxis( triphenylphosphine, palladium ( o 
« » tetrahydrofuran (12 ml) under vigorous , tls J"^ 
amb.ent temperature. stirrin g wa8 continued f orT 

water (100 ml,, dxchloromethane ( 100 ml) and sodium 
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chlorxde [2g,. The aqueous layer was separated, washed 
twice wxth dichloromethane, and evaporated in vacuo. The 
residue was chromatographed on Oiaion flP-20 (200 ml, 
elutxng with a mixture of water and acetonitrile (100:0 to 
5 90:10, v,V>. The elective fractions were collected, and 
lyophxlized to give an amorphous (0.40 g,. one forth of 
thxs sample (l 00 mg, was further chromatographed on silica 
gel (10 ml) eluting with a mixture of acetonitrile and 
water (100:0 to 70:30, V/V). The objective fractions were 
10 collected, concentrated in vacuo, and passed through 

^berlyst A-26 <ci- form, 2 ml). Lyophiii 2ation of the 

3 ylthxoj-6-f (lR)-l-hydro X yethyl ] . 4 -meth y i-7.oxo-l- 
a 2 abicyclo( 3.2. 0 ]hept-2-ene-2-carboxylic acid 
15 hydrochloride (85 mg). 

IR (Nujol) : 3250, 1740, 1580 cm~l 
NMR (D 2 0, fi) : 1. 19 (3H , d, J=7Hz), 1.30 (3H, d, 
J=6H2), 3.1-3.3 (1H, m), 3.44 (l H , dd, J=3 

The following compounds were obtained in 
substantially the same manner as that of Example 10-1). 

25 Example m-^j 

3 -ylthxo]-6-[(lR)-l-hydroxvethyl ] -4-m e thyl-7.oxo.l. 

a 2 abicy C lo [ 3.2.0jhept-2-ene-2- C arboxylic acid 
hydrochloride 

30 1R (Nujol) : 3300, 1740, 1670, 1570 cm'l 

™* (D 2 0, „ : 1. 18 (3H , d , J-7.2H 2 ), 1. 29 {3H , d, 
J=6.3H 2 ), 2.49 (3H, s) , 3.1-3.35 (1 H , m), 3.45 
(1H, dd, J=6.1, 2.5H2), 3.61, 3.62 (total 2H, 
35 SaCh S) ' 4 ' 1 - 4 ' 5 ( 5 «' *), 4.6-5.0, (2H, m) 
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Example in--^ 

( 4R, 5S, 6S ) -3- f i-i 2 - ( Carbamoylmethylamino ) - 

IR {Nujol) : 1735 curl 

«■ ("20. .) : 1.17 ( 3H, d, a . 7 . 14Hl) , 128 

(1H, dd, J=6.20Hz, 2.40Hz), 3.56 (2H, d, 
J-3.WHZ). 4.20-4.40 (5H, «, , 4.30-4.80 ,2B. m) 

Example 

(4R, SS , S S)-3-,l- f2 _ [(2 _ Hydro _ 

methtlT la2etidin - 3 -y 1 J thio-6- ( ( 1R) -1-hydroiyethyl 
-et*yl-7-oxc-l-«abicycl„, 3.2. 0 ,hept-2-e„e-2-carboxmc 

IR (Nujol) : 1740, 1680 cm-1 

» W. n : 1.18 (3H, d, J=7 .1H 2) , i. 28 (3 H, df 
J=6.3H 2)/ 2.99 <2H, t ( J=4.9Hz), 3.10-3.35 (1 H 
3.43 (1H, dd, J= 6 .2H 2 , 2.4Hz), 3.70-3.80 ' 
(4H, rn), 4.20-4.45 (5H, m ) 

The following compounds were obtained in 
substantially the Ban* manner as that of ^ ample ^ 

Example n-i ^ 

{4R,5S,6S)-3-[l- r 3_ [N _ Allyloxycarbonyl _ N _ 

6 [(lR)-l-hydroxyethyl ] -4- 1 „ethyl-7-oxo-l-a Z abi C yclo- 
[3.2.0) hept- 2-ene-2-carboxylic acid 

™* (020, 5) : 1. 17 (3H, d, j =7 „ 2) , x. 30 {3 „, d> 

nTL 2 ' 5 " 2 * 7 (2H ' m) ' 3 -°" 3 - 4 (lH ' 3.45 
(1H, dd, J= 3 , 6H Z ), 3.5-3.95 (3H, m) , 4.0-4.6 

35 5.6-6.2 (1H, a) 
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Example n-oj 

^"^yl) carbamoyl Jacetijnidoyl la8etidin-3-ylthio)-6-£ ( 1R) -l 
ene.2- car boxylic acid "jnept-2- 
™ (Kujol, : 3200, 1740, 1640, 15 , 0 o,-l 
»°> ("20, 6) = ,« ,3H. d, 130 (3H> 

1H, dd, 3=3. 6m )t 4.0S-4.4 ,5H, 4.5-4.6S 

' „' B) ' 4 " 6S - 5 -» (2H. »>. 5.15-5.4 (2B, „>, 
5.8-6.05 (1H, B ) ' 

bbsbIs t-?i 

(4R.5S,6S)-3- t l-(2-(4- [ 5-,AH ylox ^ carbo x 
P^oylJpipera^-3-yi^^,^ doyl ^lV 

•« bl cycl O( 3.2.0,hept-2-e n e-2-ca rboxya L acid 
IR (Hujol) , 3200, 1740, 1680, 1620 c-1 
•*» (°20. 6, , !.„ ,3H. d, 3.7Hz,, L30 (3H , d . 
^H 2) , 1.4-1.8 (4H . 2 . 4 . 2 55 

3 »5-3.4 «3H, 3.44 ,1H, dd. 3=3H*. 6Hz). 

3'™" ! (8H ' 4 -°- 4 - 5 (5H ' ">• "- 56 <», d. 

3-SBz, 4 65-4.95 ( 2H, 5 . a5 -5.4 ,2H. 
5.8-6.0 (1H, m) 

Example 1 1 

^ 8 ° 1Uti0n ° f (4R ' 5S ' 6S )-3-[l-[3-rN-allylox y - 

"i^ 

a zabxcyclo [ 3.2.0 ) hept-2-e„e- 2 -c arboxylic acid 4 
a^tuxe of phosphate buffer (pH 6 . 86 , ^ « in 

:l liv** were added — * «- -™ 

y^rxde (1.7 ml), acetic acid (0.36 ml) and 
a solution of triphenyl pho8phine (0 . 21 and 
tetraxx8(triphenylpho8 P hi„e)palladi um (0 .37 g, in 
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tetrahydrofuran (27 ml, under vigorous stirring at anient 
temperature, stirring was continued for 10 minutes and to 
the mixture was added a mixture of cold water (100 ml) and 
ethyl acetate (200 ml,. The aqueous layer was separated 
washed twice with ethyl acetate and concentrated in vacuo 
Tne residue was chromatographed on Diaion HP-20 (300 ml) 
eluting with a mixture of water and acetonitrlle (100:0 to 
94:6 V/V). The objective fractions were collected, and 
lyophxlized to give an amorphous, which was further 
chromatographed on Alumina AC-12 (made by Sumitomo 
Chemical Co., Ltd.) (370 ml, eluting with water. The 
objective fractions were collected, concentrated and 
passed through Amberlyst A-26 (CI- form, 5 ml, 
Lyophilization of the eluate gave (4R,5S,6S,-3-( l-(3- 

(carbamoylmethylamino) P rop a nimid 0 yl] a2 etidin-3- y lthio]. 

6-[(lR,-i.hydroxyethyl,-4-methyl-7-oxo-l-a Z abicyclo- 
[3.2.0)hept-2-ene-2-carboxylic acid (837 mg). 
IR (Nujol) : 3300, 1730, 1670, 1620 cm-1 
NMR (D 2 0, S) : !. 18 (3H , d, J=7H 2 ), 1.29 (3H, d, 
J=6H 2) , 2.8-3.0 (2H, m), 3.1-3.35 (1H, m, , 

3- 35-3.5 (3H, m,, 3.97 (2H, e),. 4.0-4.5 (5H, m), 

4- 6-4.9 (2H, m) 

After the usual chromatographic purification of 
< 4R, 5S 6S ) -3- [ 1- ( 3- ( carbamoylmethylamino ) propanimidoyl ] - 

a 2 et 1 din-3-ylthio,-6-r(lR,-l- h ydroxyethyl ] -4-methyl-7-oxo- 
l-a 2 abicyclo[3.2.0]hept-2-ene-2-carboxylic acid by 
7-alumina eluting with water, the column was washed 
throughly with aqueous sodium chloride (5%). The washings 
were evaporated in vacuo, and the residue was 
chromatographed on Diaion HP-20 (50 ml) eluting with a 
mixture of water and acetonitrlle (0:100 to 15:85, v/V) 
Lyophili 2 atio„ of the eluate gave (4R,5S,6S)-3-(l- 
allyla 2 etidin-3-ylthio)-6- [ (lR,-i- hydroxyetftyl] . 4 . x _ 
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^r;rs 3 - 2 - o,hept - 2 - e, - e -^™ — «- 

» (Nujol, : 3250 , 1740i ls80 ^ 

«»• i.» ,3H. d . 

J-6.3H,). 3.1-3.3 (1H. 3.45 (la, dd, 

(SB n , 4.4-4.55 (2H, 5.4-5.6 (2H , n) , 
5.7-5.9 (1H, m) " 

10 Example i-3_->^ 

. acid hydroOUoride ,1 2 T,r«= W "h ene " J " Carb ° XyUC 
15 the s* m » « a ff) obtained in substantially 

tta «. manner as that ot the £ o^e r ^ of Exanpl " llY 

IS (Nujol) , 3200; 1740/ 1650> i56o 

IB*. .) . 1.20 ,3H. d. J , 7Hz) , l-J0 

Hw J; 4 " 1 - 8 * 4H ' n) - 302 < 2 «< 

3- 1-3.4 <3H, 3.46 <1H, dd, J-3HZ, 6Hz,. 

4- 1-4.4 (5H, »), 4.6-4.55 (2H, „, 

Example it?--* | 

IB (Httjcl, , 3 250i 1730j 1620 

*» ' 1 -» I", d. J*7Hs ) , 1. 29 ,3H. d, 

nr j< i - 5 - i8s ,4h ' 2 -" t, j= 7 hz) , 

" »)- 4.7-4.9 (2H, m) 
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oh!L T : " aCid (4 -° 9) in * «**ture of 

Phosphate ^buffer (pH s.bs. 120 and tetrahydrofuL (30 

propammidate hydrochloride (4 .45 g) whil* , 

around 8 5 with ™* 9) ^justing pH to 

After \l SqUeOUS P ° ta8Bi ™ carbonate at 0 o C 

tetrahydrofuran and ethyl acetate M-7 v/tr ^ , 

r »n ? . olotion L taini ;; ;i. 7 j^.«- 

!: 1 y ro " ye,:hyij - 4 - ,neth i' i -'-'«<'-i- 

unstaM PU " flCatlon ' the object product was 

unstable under chromatographic conditions. 

Example* n-?) 

To a solution of (4R,5S,6s;-3-[l-(3-(4 

yi"h!oTT,:r arb °" yiamin<,,propa " i,nid ^ i i a -tidin-i- 

obrllned in H ^" 2 T" J - e ' rbOXyUC "^-chloride 
btalned x„ Example 13-1, were added sodium hydrogen 

phosphate dodecahydrate „, eodiu „ dth ^7 

on cart: d oT" te 91 PaUadl ™ ^'"e ,m 
on carbon, 0.5 „, .„ d the resulting „i«ure was stirred 

vigorously under atmospheric pressure o£ hydrogen at 

ambient temperature for 3 hours. The catalvsT 

by filtration and the filtrate «t2 f 

ethvl a™*** washed three times with 

residue H k' CO " re """ iOT *» — o gave an agueous 
residue whrch was chromatographed on Diaion »v-2o ,200 ml, 
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^l " ' ^^^"ion 9 a,e an „ Mch was 

water. The objective fractions were collected 
5 1- vacuo, and passed through A _ 26 

« S Hal LyOPUliMti °» * ^ eluate ^e 

I 1R -l-hydroryethyD^-Bethy!.,^^^^ 
10 ^; 2 -° lh *«-— *-*»»Mc acid hydrochloride (0.56 

*«***»." 3300. 1,45, 1600, 1640, 

m < D2 °: s> ! 119 («. d. J=7B2) , i. 30 (3H> 

,£ 3H2 - 6B2 »' 4 - 1 - 4 - 5 ,5h - 

The following compounds were obtained in 
substantially the sa^e manner a B that of ^e 15-1,. 
20 Examp le ".A-^ 

3-n r ( rn s ; 6 ! , " 6 " t,IR, " 1 " Bydr<,xyethyi '- 4 -"« h ^-'-oxo- 

ylthio^"l 4— thiadiazol— 2— yl ) f onsijnidoyl ] asetidin— 3— 
ylthtoj- -asab l cyclo t 3. 2 .0 )1 » p t-2-e»e- J . ca rborylic acid 
» (Hujol) : 1740, 1720, 1602 os-1 

T.'n ' ,3B ' d ' J= '- 2H '>' l - 30 «* *• 

4-05-4 5 .,. 4.5S-4.00 ,2H, ,. M ^ 

s )> 8.91 (1H, b) 

30 Example U-->^ 

thio-s 4 m 5 B s ; 6 f ': 3 ; [ ^-"'w^^n ^t^ in .,. J1} . 

[3.2.0Jhept-2-ene-2-carboxyHc acid 

IR (»ujol) : 1750 , 1,00, isso „-l 

-MR.D20, „. 1.18 ,3H, d. a.,^,, i.„ (3B/ „, 
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J=6.1Hz), 2.90, 3.06, 3.18 (total 3H, s), 
3.10-3.30 (IH, m), 3.40-3.50 (1 H , m, , 3.85-4.50 
(7H, m), 4.55-4.80 (2H, *) , 7.73, 7.76 (total 
IH, 6) 
■Exantpla 14-^ 

( 4R, 5S, 6S ) -3-[ 1- (N,N-DimethyUroiniontethyl jazetidin- 
3-yl]thio-6-[(lR ) -i.hydroxy e thyl]-4- n ,ethyl-7-oxo-l- 
azabicyclof 3.2. 0]hept-2-ene-2-carboxylate from 
(4R,5S,6S)-3-(a2 e tidin-3-ylJthio-6- [( lR)-i_ h y dr03ty . 
ethyl ] -4-methyl-7-oxo-l-azabicyclo[ 3.2. 0 ]hept-2-ene-2- 
■ carboxylic acid and ^N-dimethyl-N-fmethox^ethylene)- 
iminium methanesulfonate. 

1R (Nujol) : 1745, 1690, 1598 cm-1 

*MR (D 2 0, 5) : 1.1 8 (3H , d/ j. 7 . 2Hz) , 1>29 (3Hf ^ 
J=6.3Hz), 3.05-3.35 (IH, m, , 3.11, 3.18 (total 
6H, both s), 3.40-3.50 (IH, m), 3.85-4.50 (5H, 
»), 4.60-4.85 (2H, m), 7.57 (l H , s) 

Example 14-4) 

< 4R ' 5s ^S)-6- [ (lR)-i- H ydroxyethyl}-4- I „ethyl-7-oxo-3- 
[l-[l-methyl-2-(l-p yrr oli„i 0)]a2etidin _ 3 . ylth . o] _ ;i _ 

azabicyclof 3 .2.0 ]hept-2-ene-2-carboxylate 

IR (Nujol) : 1758, 1678, 1603 cm-1 

NMR (D 2 0, S) : 1. 18 (3 H, d, J=7.2Hz), 1.29 (3H, d, 
J=6.3Hz), 1.85-2.10 (IH, m) , 2.32. (IH, dt, 
J-86.3HZ, 7.2Hz,, 2.65-2.90 (2H, m) , 3.05-3.30 
(IH, m), 3.10 (3H, s), 3.35-3.50 (IH, m) , 
3.65-3.80 (2H, ro) , 4.00-4.45 (5H, m), 4.60-4.85 
(2H, m) 

Example 15-jj 

To a solution of (4R,5S,6S)-3-(azetidin-3-ylthio)-6- 
I ( 1R) -1-hydroxyethyl J-4-methyl-7-oxo-l-azabicyclo [ 3.2.0)- 
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acetate hydrochloride ,0 Ss ^" OC «^)- 
5 "ound 8.S with 30% a m , ' ad ^ 5ti »S pB to 

"tor .tirrin, at p„Ts r " °' C - 

reaction mixture we, wL.srf , (6N) " 0 C " ™>a 

t«r. hydro t uran SZnllZ^ T I t T" " 
*0 and evaporated « n M . 1 /V ' total 40 ml) 

yvtatea m vacuo to olve a , ' 

solution, which k resadual aqueous 

(100=0 to 90,10, »/v, ^ acotonitxile 

cnroeato.raphed^^r,! I ^iT ^ 
««ure of acetonxtrtle and water TlLT * 

"•"t-J-ene-i-carbc^Uc acid ,0.20 g, '—"^"•'••l- 
» (-UJ01, , 3300. 1,40. U70 a H0 .„„ .. 
- <«*>. •> ■ X.» ,3H, d. .I™ \ 2 ? ~ d 



30 



auhstanL^te^r^'' ^ ° btained *» 

ially the aa^e manner as that of Beanie 15-1). 



Example ic g. 



35 



l-a,ah i c y c l o,3. J .o,hep ^ naTT , " 4 ^ thyl -'-°^ 

»<>*->. "30. Z 2 ; ot- iC acid 



Msnnr.tr> <wn or*?^?* i i ^ 
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NMR (D 2 0, B) : 1.24 (3H, d f J=7.2Hz), 1.29 (3H, d, 
J=6.1Hz), 3.06-3.33 (1H, m) , 3.33-3.53 (1H, m j, 
3.96-4.50 (7H, in), 4.50-4.83 (2H, m) 

5 Example 15j-3j 

(4R,5S f 6S)-6-t(lR,-l-HydroxyGthyl]-3-tl- [2 -( m ethoxy- 

acetylan.ino)acetimidoyl]azetidin-3-ylthio]-4- m ethyl-7-oxo- 
l-azabicyclo( 3 • 2 . 0 )hept-2-ene-2-carboxylic acid 
IR (Nujol) : 1750, 1670, 1590 cn>-l 
!° NMR (D 2 0, S) : 1.19 (3H, d, J=7.1Hz), 1.30 (3H, d/ 

J*6.3Hz), 3.05-3.35 (1H, m) , 3.35-3.55 (1H, m), 
3.46 (3H, s), 4.10 (2H, s), 4.15-4.50 (7H, m), 
4.60-4.80 (2H, m) 

15 Example 

{4R,5S,6S)-6-[ { lR)-l-Hydroxyethyl)-4- I „ethyl-7-oxo-3- 
[l-t2-{pyridin-3-yl)acetimidoyl)azetidin-3-ylthio]-l- 
azablcyclo[3.2.0]hept-2-ene-2-carboxylic acid 
IR (Nujol) : 3200, 1745, 1590 cm"! 
20 NMR (D 2 0, 6) : 1.16 (3H, d, J=7Hz ) , 1.29 (3H, d, 

J=6Hz), 3.05-3.3 (1H, m), 3.44 (1H, d, J=3.6Hz), 
3.88, 3.89 (total 2H, each b), 4.0-4.4 (5H, m) , 
4.6-5.0 (2H, m), 7.4-7.55 (1H, m), 7.83 (1H, d, 
J=8Hz), 8.4-8.6 (2H, m) 

25 

Example 

(4R,5S,6S)-6-[(lR)-l-Hydroxyethyl]-4-methyl-3-fl-[2- 
( l-methyl-3-pyridinio )acetimidoyl ) azetidin-3-ylthio ] -7- 
oxo-l- a2 abicyclo[ 3.2. 0 ]hept-2- ene -2-carboxylic acid 
30 chloride 

IR (Nujol) : 3300, 1730 cm"l 

NMR (D 2 0, 6) : 1.19 (3H, d, J-7H2), 1.29 (3H, d, 
J=6Hz), 3.1-3-3 (1H, m), 3.4-3.5 (1H, m), 
4-1-4.5 (10H, m), 4.6-4.9 (2H, m), 7.95-8.2 (1H, 
35 m )' 8.45-8.54 (1H, m) , 8.7-8.9 (2H, m) 
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Example i*-cy 

{ 4R ' 5S '6S)-6.[(lR)-i.Hydroxyeth y l 1 -4- met hyl-7-oxo-3- 
[l-r3-(pyridi„-3.yl)prop a nimidoyl]a 2e ridin-3-ylthiol-l 
a «^cyclot3.2.0)h e p t - 2 -ene-2-c a rboxylic acid 
5 IR (Nujol) : 1740, 1670, 1620 cm-1 

■» (D20. S) : !.!3 <3H, d, J=7.lHz>, !. 28 {3H , d 
J=S 3Hz, 2.60-2.90 (2H, m) , 2 . 90 _ 3 . 35 ' 
3-35-3.50 jih, 3.80-4.40 (5H, «,, 4.50-4.75 

(2H ' m) ' 7 ' S5 - 7 - 8 5 (1H, > )t 8.05-8.20 (1 H , m) 
10 8.45-8.75 ( 2H , m) *' 

Example Tj-T] 

^ R ; 5S '6S)-6. [( iR ) -i. H ydroxyet:hyl ) -4- m ethyl-3- [ l-r3- 
( l-methyl-3-pyridinio , propanimidoyl J a ze tidla-3-ylthlo 1-7 
15 oxo-1 a2 ^ cyclo^^.o^epw-ene-^oxyuc acid c i r " ide 

: 3300, 1740, 1580 cm-1 
™* (D 2 O f <) : 1.17 (3H, d, J=7Hz), l. 29 (3H , d, 
J=6Hz), 2.6-2.9 (2H, m), 3.0-3.4 (3H, m, , 
3.4-3.5 (1H, »,, 4.0-4.4 (5H, »>, 4 . 6 _ 5 . 0 (2H 
»>, 8.0-8.1 flH, B)f 8 .48 (1H, d, J=8Hz>, 
8.6-8.8 (1H, m), 8.79 (1 H , s) 

Example 1«;-q^ 

(«.5S,6S)-6- [ (lR ) - 1 - H y droxyethylJ . 4 _ methyl _ 3 . [1 
(pyrxd i n-3-yl ) p ropenimidoyl)azetid . n _ 3 _ ym . I t 

azabxcyclof 3 .2.0 ]hept-2-ene- 2 -carboxylic acid 

"» (»20. ,) . 1.19 (3H, d, J=7 H z), !. 30 (3H , d, 
J=6Hz), 3.2-3.4 (1H, 3.45 (1H, dd, J= 3 Hz. 

6Hz )r 4.0-4.5 (5H, m), 4.6-4.9 ( 2H , m), 6.67 
(1H, d, J=16H Z j, 7.5-7.7 ( 2H , m) , 8.05-8.2 (1H, 
n>), 8.55-8.75 (2H, m) 

Example is-q^ 

n m ^r; 5 !' 6S) " 6 " [(1R) " 1 " H ^ roxyethyl i- 4 - meth yi-3-ri-^ 

( l-methyl-3-pyridinio , propenimidoyl Jazetidin-3-ylthio , -7- 
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oxo-l-azabicyclo[ 3 • 2 . 0 )hept-2-ene-2-carboxylic acid 
chloride 

IR (Nujol) : 3300, 1740, 1660, 1580 cm-1 
»* (D 2 0, S) : 1.20 (3H, d, J=7Hz), 1.30 (3H, d, 
J=6Hz), 3.1-3.4 (1H, in), 3.46 (1H, dd, J=3Hz, 
6Hz), 4.44 (3H, s), 4.2-4.6 (5H, m), 4.6-5.l' 
(2H, m), 6.94 (1H, dd, J=16Hz, 5Hz), 7.65 (l H , 
d, J=16Hz), 8.11 (1H, t, J=7Hz), 8.73-8.86 (2H, 
m), 9.11 (1H, m) 



Example. Ti-in| 

(4R,5S,6S)-3-[l-f3-(l -Carbamoylmethyl-3 -pyridinio ) - 
pro P eniTnidoyl ] az e tidin-3-ylthio]-6-I(lR)-l-hydroxyethyl]- 
4-methyl- 7 -oxo-l-azabicyclo [ 3 .2.0 ]hept-2-ene-2-carboxylic 
15 acid chloride 

IR (Nujol) : 3300, 1740, 1680 cm-1 

NMR (D 2 0, S) : 1.19 (3H/ d , J=7Hz)/ ^ ( ^ ^ 

J=6Hz), 3.1-3.35 (1H, m), 3.45 (1H, dd, J=2.5Hz 
6Hz), 4.20-4.52 (5H, rn), 4.80-5.0 (2H, m) , 6.9s' 
(1H, d, J-16.5HZ), 7.70 (1H, d, J=16.5Hz), 8.19 
(1H, dd, J=6Hz, 8Hz), 8.84-8.89 (2H, m), 9.16 
(1H, d, J=7Hz) 



Example 15-11 ) 

(4R,5S,6S)-6-[(lR)-i- H ydroxyethyl ) -4- in ethyl-7-oxo-3- 
[l-[4-(l-pyridinio)butyrimidoylj a2 etidin-3-ylthio)-l- 
azabicyclo[3.2.0)he P t-2-en e -2-carboxylic acid chloride 
IR (Nujol) : 3300, 1740, 1570 cm-1 
NMR (D 2 0, S) : 1.16 (3H, d, J=7Hz), 1.29 (3H, d, 
J=6Hz), 2.2-2.8 (4H, m), 3.1-3.4 (1H, m), 
3.4-3.5 (1H, m). 3.9-4.4 (5H, B ), 4.4-5.0 ( 2H, 
m), 8.13 (2H, t, J=7Hz), 8.16 (1H, t, J=7Hz), 
8-89 (2H, d, J=7Hz) 



35 Example TS-i?) 
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(4R,5S,GS)-3-ri-[2-[N-C2-[N-(2-Hydroxyethyl)-N F N- 
dunethylammonio ] ethyl ] carbamoyl ] acetimidoyl ] azetidin-3- 
ylthio ] -6- [ ( 1R ) -l-hydroxyethyl ] -4-n,ethyl-7-oxo-l - 
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid chloride 
5 IR (Nujol) : 3300, 1740, 1550, 1580 on-1 

NMR (D 2 0, S) : 1.19 (3H , d, J=7Hz), 1.30 (3H, d, 
J=6Hz), 3.22 (6H, b), 3.05-3.25 (1H, «,, 3.47 
(1H, dd, J=3Hz, 6Hz), 3.5-3.6 (4H, m), 3.65-3.8 
(2H, m), 4.0-4.1 (2H, m), 4.1-4.4 (5H, m), 
10 4.6-4.9 (2H, m) 

Example 15-13) 

(4R,5S,6S)-6-t(lR)-l-Hydroxyethyl]-4- lne th y l-3-[l- [ 2- 
(trrfluoroacetylamino)acetimidoyl] a zetidin-3-yl]thio-7- 
15 oxo - l -^abicyclo[3.2.0]he P 1:-2- e ne-2-carboxylic acid 

IR (Nujol) : 1735, 1700, 1560 cm-1 

NMR (CDC1 3 , *) : 1.18 (3H, d, J=7.l8Hz), 1.28 (3H, 
d, J=6.35Hz), 3.15-3.35 (1H, m), 3.45 (1H, dd, 
J=6.12HZ, 2.50Hz), 4.19-4.45 (7H, m), 4.60-5.00 
20 (2H, m) 

Example 15-14 ^ 

( 4R, 5S , 6S )-6-[ ( 1R) -1-Hydroxyethyl ] -3-[ 1- [ 2- (methoxy- 

carbonylamino)acetimidoyl]aze t idin-3-yl]thio-4-m e thyl-7- 
25 oxo-l- a2ab icyclo[ 3 . 2 . 0]hept-2-ene-2-carboxylic acid 

IR (Nujol) : 1735, 1720, 1680 cm-1 

NMR (D 2 0, S) : 1.24 (3H, d, J=7.1 9H Z>, 1.28 (3H, d, 
J=6.34HZ), 3.15-3.35 (1H, m), 3.45 (1H, dd, 
J=6. 09Hz, 2.50Hz), 3.70 (3H, s), 4.07 ( 2H, d, 
J-3.65HZ), 4.20-4.45 (5H, m) , 4.60-5.00 (2H, m) 

Example 15-15J 

(4R,5S,6S,-6-[(lR)-l- H ydroxyethyl,-3-[l- [ 2-, J „ethan e - 
8ulfonylamino)acetimidoyl]azet:idin-3-yl]thio-4-methyl-7- 
35 oxo-l-az a bicyclor3 . 2 . 0]h ep t-2-ene-2-carboxylic acid 
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IR (Nujol) : 1730, 1670, 1580 cm-1 

NMR (D20, S) :. i. 18 f3Hf d, J=7.19Hz), 1.28 (3H d 

J=6.35Hz), 3.15 (3H, s), 3.10-3.30 (1H, m)/ 3 .44 
(1H, dd, J=6.12Hz, 2.50Hz), 4.12 (2H, d, 
J=2.52Hz), 4.20-4.45 (5H, m) , 4.60-5.'oo' (2H, m) 

Example is.ic | 

{4R,5S,6S)-6-f(lR,-l. H ydroxyethylJ-4- I nethyl-7-oxo- 3 - 

[l-(2-ureido a ceti m idoyl) a2 etidin-3- y ithio]-l-a2abic y clo- 
[3.2 . 0]hept-2-ene-2-carboxylic acid 

IR (Nujol) : 1742, 1665, 1582 cm"! 
NMR (D 2 0, 6) : 1.19 (3H , d, J=7.2Hz), 1. 30 (3H , d 
J=6.3Hz), 3.10-3.37 (1H , m) . 3.39-3.50 (1H, m) 
3.85-4.50 (5H, id), 4.04 (2H, d, J=3.2Hz), 
4.60-4.90 (2H, m) 

Example 15-17) 

( 4R ^S,6S)-6. n iR)-l-Hydroxyethyl]- 3 - [ i. t 4- (iaiida2ol . 
1-yl Jbutyrlmidoyl Jazetidin- 3-ylthio ] -4-methyl-7-oxo-l- 
azabicyclof 3.2. 0 ]hept-2-ene-2-carboxylic acid 
IR (Nujol) : 3300, 1735, 1620, 1580 cm-1 
NMR (D 2 0, 6) : i. 18 (3H , d, j^te)) 1.29 (3H, d, 
J-6Hz ) , 2.0-2.3 (2H, m) , 2.3-2.5 (2H, m), 
3.1-3.3 (1H, in), 3.44 (1H, dd, J=2.5Hz, 6Hz), 
3 - 9 " 4 - 4 < 7H ' m >< 4-5-4.9 (2H, m), 7.09 (1H, s), 
7.22-7.25 (1H, m), 7.77 (1 H , s) 

Example is .tp) 

(4R,5S,6S)-6-[(lR,-i.Hydroxyet:hyl)-4-n,ethyl-3-(l-[4. 

(3-methyl-l-imidazolio)bui:yrimidoyl]azetidin-3-ylthio]-7- 
oxo-l-azabicyclof 3 . 2 . 0]hept-2-ene-2-carboxylic acid 
chloride 
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IR (Nujol) : 3350, 1750, 1705 cm-1 

NMR (D 2 0, 8) : 1.19 (3H, d, J=7Hz), 1.29 (3H, d, 
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J=6Hz), 2.1-2.4 (2H, m), 2.4-2.6 (2H, m) , 
3-1-3.3 (1H, m), 3.47 (1H, dd, j- 3 , 6Hz), 3.92 
(3H, s), 4.0-4.4 (7H, m) , 4.6-4.9 (2H, m), 7.50 
(1H, 3), 7.54 (1H, s), 8.81 (1H, s) 

Example i^.io) 

(4R / 5S,6S)-3-[l-[4-(2-Methylimidazol-l-yl)_ 
butyrimidoyl ] azetidin-3-ylthio ] -6- [ ( 1R ) -1-hydroxyethyl ) -4- 
m e thyl-7-ox 0 -l-azabicyclo[ 3.2. 0 ]hept-2-ene-2-carboxylic 

IR (Nujol) : 1743, 1677, 1579 

NMR (D 2 0, 6) : 1.19 (3H, d, J=7.2Hz), 1.30 (3H, d. 
J=6.4Hz), 2.10-2.30 (2H, m), 2.40-2.55 (2H, m), 
2.61-2.62 (total 3H, s), 3-10-3.30 (1H, m) , 
3.40-3.50 (1H, m), 4.00-4.40 (5H, mj, 4.50-4.80 
(2H, m) 
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Example T;--?n^ 

(4R,5S,6S)-6-[(lR)-i-Hydroxyethyl]-3-fl-[4-(4_ 

hydroxyineiAyl-l- 1 nethyl-3-iinidazolio)butyrimidoyl]azetidin- 
3-ylthio]-4- me thyl-7-oxo-l-azabicyclo( 3 . 2 . 0 ]hept-2-ene-2- 
carboxylic acid chloride 

IR (Nujol) : 3200, 1740, 1580 cn>-l 
NWR (D 2 0, S) : 1.13 (3H , d, J=7Hz), 1.30 (3H, d, 
J=6Hz), 2.1-2.3 (2H, m) , 2.4-2.6 (2H, m) , 
3.1-3.3 (1H, m), 3.47 (1H, dd, J=3, 6Hz), 3.89 
(3H, s), 4.0-4.4 (7H, m), 4.6-5.0 (2H, m), 7.49 
(1H, s), 8.83 (1H, 3) 

30 Example 15-21 1 

(4R,5S,6S)-6-f (lR)-l-Hydroxyethyl]-3-[l-[4_[3- ( 2- 
hydroxyethyl ) -1-imidazolio jbutyrimidoyl ]azetidin-3- 

ylthio]-4-methyl-7-oxo-l-azabicyclo[3 . 2. 0]hept-2-ene-2- 
carboxylic acid chloride 

35 IR ( Nu 3ol) : 3300, 1730, 1670, 1620, 1570 cnr* 
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»» CD 2 0, S) : 1.19 (3H, d, J=7H Z , , 1. 29 (3 H, d 
J=6Hz), 2.1-2.4 (2H, ■ 2.4-2.6 (2H, 
3.1-3.4 (1H, m), 3.46 (1H, dd, j- 3f SHz) , 
'■90-3.98 (2H, 4.0-4.5 (9H, B) , 4 .6-4.9 , 2H 
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Example T >-?->) 

( ^' 5 ^ 6S )- 6 -UlR)-l-Hydroxy e th y l ) -4- m e t h y l-7-oxo-3- 

r olio)butyrlmidoyiia2etidin - 3 -yi^io]-i- 

a 2 a bl c y clo [ 3.2.0 ] hept-2-ene- 2 -ca rbo x y lic acid chloride 
IR (Nujol) : 3300, 1740, 1680 cm"! 

"« I) : 1.19 (3H, d, J«7Hz ) , 1. 29 (3H , d 

^h HZ h; 2 ' 2 " 2 ' 6 (4H ' 3 ' 1 - 3 ' 3 < 1H ' »• 3.46 

(1H, dd, J=3Hz, 6Hz), 4.0-4.4 (7H, m) , 4 . 55-4. 9 

(2H, m,, 8.20-8.28 (1H, m) , 8.38-8.45 (1H, ■ > 
Example 1 »;-?-a| 

( 3 'r i ' 5 f' 6S) " 6 " t(1H) " 1 " HydloJtyeth y 1 i- 4 -"«*'' y i-3-ti-f6- 

L"ri; i - i "!' ia2oUo)hexa, ' iMdoyi, " etidi "- 3 -^^oi-'- 

IR (Nujol) : 3300, 1745, 1580 cm~l 

**R (D 2 O f „ : !.„ (3H , d , J=7Hz) , ^ ^ 

H H , Z) ' 1 ' 25 " 1 ' 45 (2H ' 1 - 5 - 1 ' 7 < 2H < »>' 

5 1 ' 7 - 2 ' 1 (2H ' »>' *-3-2.45 {2H , 3.0-3.3 (1 H , 

■J, 3.46 (1H, dd, J=3Hz, 6Hz), 3.90 (3H, s), 
4-0-4.4 (7H, 4.5-4.8 (2H, 7.4-7.5 (2H, 

n>), 8.73 (1H. s) ' ' 

30 .Example 15-24) 

yl)acet 1 i n xdo y l ]a2e t i din-3- y lthio ] -4- I neth y l-7-o X o-l- 
azabicyclof 3 . 2 - 0]hept-2-ene-2-c a rboxylic acid 
^ NMR (D 20 , « ) : i.i7 (3H, d, J=7H 2 >, 1.29 (3H, d, 
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J=6Hz), 3.05-3.30 (1H, m), 3.43 (1 H , dd, J= 3 Hz 
6H2), 3.77 (2H, d, J=3Hz), 4.1-4.4 (5H, m), 
4-6-4.9 (2H, m), 7.18 (1H, s), 7.77 (1H, d 
J=lHz ) 

Exaroolg 

( 4R, 5S , 6S ) -3- [ 1- [ 3- ( Imidazol-4 -yl ) propanimidoyl ] - 

azetidin-3-ylthio ] -6- f( 1R ) -1-hydroxyethyl J -4- m6 thyl-7- 
oxo-l-azabicyclof 3 . 2 . 0]hept-2-en e -2-carboxylic acid 
IR (Nujol) : 3150, 1730, 1570 cm-1 
«MR (D 2 0, S) : 1. 1S (3H , d, J=7H 2 ), 1.29 (3H, d, 
J-SHz), 2.5-2.8 (2H, m), 2.9-3.3 (3H, m), 
3.4-3.5 (1H, m), 3.5-3.75 (1H, m) , 3.9-4.4 (4H 
4.5-4.9 (2H, m), 7.03 (1H, s), 7.74 (1 H , d,' 
J=17Hz) 

Example 15-26} 

( 4R, 5S , GS ) -6-[ ( 1R ) -1-Hydroxyethyl ] -3- [ 1- [ 2- ( 3- 
n,eth yl~l-ifflidazolio)ac e ti I nidoyl]a Z et:idin-3-ylthio ] -4- 

»ethyl- 7 -oxo-l-a 2 abicyclot 3 . 2 . 0 )hept-2-e„e-2- carb ox y lic 
acxd chloride 

IR (Nujol) : 3300, 1730, 1640 cm-1 
NMR d>20, 6) : 1.19 (3H/ d, J=7Hz), 1.29 (3H, d, 

J=6Hz), 3.05-3.4 (1H, m), 3.4-3.5 (1H, m), 3.93 
(3H, s)f 3.9-4.1 (1H, ni), 4.1-4.4 (4H, m) , 
4-4-4.8 (2H, m), 5.05 (2H, d, J=4Hz), 7.46 (2H, 
d, J=8Hz), 8.76 (1H, s) 

Example t;--)-?} 

(4R,5S,6S)-6-t{lR)-i- H ydroxyethylj-3-[l-[2-(l,3- 
dim e thyl-2-imidazolio)acetimidoyl]azetidin-3-ylthioj-4- 
methyl-7-oxo-l-azabicyclo[ 3 . 2 . 0 )hept-2-ene-2-carboxylic 
acid chloride 

IR (Nujol) : 3300, 1725, 1570 cm-1 
35 MHR (D 2°' «) •• 1-19 (3H, d, J=7HZ), 1.29 (3H, d, 
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J=6H2), 3.1-3.3 (1H, in), 3.47 (1H, dd, J=3Hz 
6H 2)/ 3.88 (6H, s), 4.1-4.5 (5H, m) , 4.8-5.05 
(2H, in), 7.58 (2H, b) 

5 Example t;.9R| 

( 4R, 5S, 6S ) -3- [ l-[ 3- ( 1 , 3-Dimethyl-2-imida Z olio ) - 
prop en i I nido y l ]a2 etidin-3-ylthio ] -6- [ (lR)-i_ hydroxyethyl] _ 

4-methyl-7-oxo-l-azabicyclo[3.2.0)hept-2-ene-2-carboxylic 
acid chloride 

10 IR (Nujol) : 3300, 1740, 1580 cm-1 

NMR (D 2 0, S) : 1.20 (3H, d, J=7H Z)/ 1.30 (3H, d, 
J=6Hz), 3.1-3.4 (1H, »,, 3.46 (1H, dd, J=3Hz, 
6Hz), 3.94 (6H, s), 4.1-4.6 (5H, m), 4.7-5.1 
(2H, m), 6.85 (1H, ddf J=17H2> 4Hz)f ? 51 {1Uf 

15 d » J=17HZ), 7.60 (2H, s) 

Example Ti-9Q^ 

( 4R, 5S , 6S ) -3- [ 1- [ 2- ( 1 , 3-Dimethyl-4-imidazolio ) - 
aceti m idoyi] azet i din .3_ ylthio] . 6 . [{1R) _ 1 _ hydroj ^ ethyij _ 4 _ 

methyl-7-oxo-l-azabicyclo [ 3 . 2 . 0 Jhept-2-ene-2-carbox y lic 
acid chloride 

IR (Nujol) : 3300, 1730, 1560 cm-1 
NMR (D 2 0, 6) : 1.19 (3H, d, J=7Hz), 1.29 (3H, d, 

J=6Hz), 3.05-3.4 (1H, m) , 3.46 (1H, dd, J=3Hz, 
6HZ), 3.81 (3H, s), 3.89 (3H, s), 4.02 ( 2H , d, 
J-4HZ), 4.15-4.5 (5H, m) , 4.8-5.0 (2H, m) , 7.57 
(1H, b), 8.80 {1H, s) 
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Example 15-30) 

( 4R, 5S , 6S ) -6-[ ( IR ) -l-Hydroxyethyl ] -3-[ l-{ 2- ( 1 , 2- 
dimethyl-4-pyrazolio)acetii n idoyljaz e tidin-3-ylthioJ-4- 
methyl-7-oxo-l-azabicyclof 3.2. 0 ]h ep t-2-ene-2-carboxylic 
acid chloride 

IR (Nujol) : 3300, 1720, 1570 cm-1 
35 NMR (D 2 0, 6) : 1. 19 (3H , d, J=7 H2 ), 1.30 (3H, d, 
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J=6Hz), 3.1-3.3 (1H, m). 3.46 (IH, dd, J=3Hz, 
6Hz), 3.79, 3.80 (total 2H, each b), 4.12 ( 6H, 
8), 4.1-4.4 (5H, m), 4.6-4.95 (IH, m), 8.26, 
8.27 (total 2H, each s) 

Example i| 

(4R,5S,6S)-3-[l-(3-[N-(2-Hydxoxyethyl)- N - 
methylaiFiino]propaniinidoylja Z etidin-3-ylthio)-6- t (ir) i 
hydrcxyethyl ] -4-methyl-7-oxo-l-azabicyclor 3 . 2 . 0 Jhept-2- 
ene-2-carboxylic acid hydrochloride 

IR (Nujol) i 3300, 1740, 1580 cm-l 
NMR (D 2 0, 8) : 1.17 (3H, d, J= 7H z), 1.30 (3H, d, 
J=6Hz), 2.73 (3H, s), 2.70-2.9 (2H, m), 3.10 
(2H, t, J=5.5Hz), 3.15-3.40 (3H, m) , 3.45 (IH, 
dd, J=3H2, 6Hz), 3.86 (2H, t, J=5.5Hz), 
4.05-4.45 (5H, m), 4.5-4.9 (2H, m) 

Example i ^ 

(4ft,5S,6S)-3-[l- t 3-(N-Carbamo y l 1 nethyl-N-methylainino). 
propani I nid 0 yl ] a 2 etidin-3-ylthi 0 J-6- [ (lR ) -i> hydroxyethylJ . 
4-methyl-7-oxo-i- a2abicyclor 3 . 2 . 0 ]he P t-2-ene-2-carboxylic 
acid hydrochloride 

IR (Nujol) : 3150, 1740, 1650, 1570 cm-l 

NMR (D20, 5) : 1.20 (3H, d, J=7Hz), 1.29 (3H, d, 

J-6H2), 2.33 (3H, S ), 2.5-2.65 (2H, m), 2.7-2.9 
(2H, m), 3.20 <2H, b), 3.15-3.4 (IH, m), 3.45 
(IH, dd, J=3Hz, 6Hz), 4.05-4.4 (5H, m) , 4.6-4.9 
(2H, m) 

Example t;_t^ 

(4R,5S,6S)-6-t(lR)-l-Hydroxyethyl]-3-(l- [ 4-[N-(2- 
hydroxyethy 1 ) carbamoylmethyl -N , N-dimethylammonio ] - 

b U tyrimidoyl] a2e tidin-3-ylthio)-4-methyl-7-oxo-l- 
a 2 abicycl 0[ 3.2.0]hept-2-ene-2-carboxylic acid chloride 
IR (Nujol) : 3300, 1740, 1570 cm-l 
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NMR (D 2 0, S) : 1.19 {3H , d, J-7H*),' 1.29 (3H, d, 

J=7H2), 2,0-2.35 (2H, a)f 2.4-2.6 (2H, m>, 3.29 
{6H, s), 3.1-3.4 (1H, m), 3.4-3.6 (3H, m) , 4.13 
(2H, d, J=3Hz), 4.2-4.45 (5H, m), 4.6-5.0 (2H 
tn) 

Example 15-34) 

(4R,5S,6S)-6-t(lR)-l-Hydroxyethyl]-3-fl-[4-(N-(2- 
hydroxyethyl ) -N, N-dimethylammonio Jbutyrimidoyl ] - 

azetldin-3-ylthio]-4-niethyl-7-oxo-l-a2abicyclot 3.2.0]- 
hept-2-ene-2-carboxylic acid chloride 

IR (Nujol) : 3200, 1740, 1580 cm~l 

NMR (D 2 0, S) : 1.19 {3H , d, J=7Hz), 1.30 (3H, d, 

J=6H2), 2.0-2.3 (2H, m), 2.4-2.6 (2H, m), 3.19 
(6H, 6)f 3.05-3.15 (1H, m), 3.4-3.6 (5H, m), 
4.0-4.4 (7H, m), 4.6-4.9 (2H, m) 



10 



15 



20 



25 



Example 15^351 

(4R,5S,6S)-3-[l-[4-[N-( 2-Carbamoyloxyethyl )-n,n- 
dimethylamnionio Jbutyrimidoyl Jazetidin-3-yl thio J-6-f ( 1R ) -l- 
hydroxyethyl ]-4-methyl-7-oxo-l-azabicyclo[ 3.2.0 )hept-2- 
ene-2-carboxylic acid chloride 

IR (Nujol) .- 3300, 1730, 1570 cm-1 
NMR (D 2 0, 6) : 1.19 ( 3 H, d, J=7Hz), 1.29 (3H, d, 

J=6Hz), 2.0-2,3 (2H, m), 2.4-2.6 (2H, m), 3.20 
(6H, s), 3.1-3.3 (1H, m), 3.4-3.6 (3H, m), 
3-65-3.8 (2H, m), 4.0-4.45 (5H, m) , 4.45-4.65 
(2H, m), 4.65-4.9 (2H, m) 

30 Example is.ifij 

(4R,5S,6S)-6-[ (lR)-l-Hydroxyethyl]-3-[l-[4-[N-(N- 
methylcarbamoy lmethy 1 ) -N , N-dimethy lammonio ] butyrimidoy 1 ] - 

azetidin-3-ylthio)-4-m e thyl-7-oxo-l-azabicyclo[3.2.0]hept- 
2-ene-2-carboxylic acid chloride 

35 IR (Nujol) : 1320, 1730, 1660, 1580 cm-1 
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NMR (D 2 0, S) : 1.19 (3H, d r J=7Hz), 1.29 (3H, d, 

J=6Hz) f 2.€-2.3 (2H, m) , 2.4-2.6 (2H, m), 2.81 
<3H, s), 3.28 (3H> s), 3.29 (3H, s), 3.15-3.40 
(1H, m), 3.4S (1H, dd, J=3Hz, 6Hz), 3.5-3.75 
(2H f m), 4.09 (2H, a), 4.15-4.40 (5H, m), 
4.6-4.9 (2H, m) 

Example 15-37) 

( 4R , 5S , 6S ) - 6 - [ ( IR ) -1-Hydroxyethyl ] -4 -methyl - 3 - [ 1- 
t4-(l-methyl-l-pyrrolidinio)butyrimidoyl]azetidin-3-yl- 
thio]-7-oxo-l-azabicyclo[3 . 2 . 0]hept-2-ene-2-carboxylic 
acid chloride 

IR {Nujol) : 3300, 1730, 1680 cm-1 

NMR (D 2 0, S) : 1.19 (3H, d, J=7Hz), 1.29 (3H, d, 

J=6Hz), 2.0-2.4 (6H, m) , 2.4-2.6 (2H, m), 3.08 
(3H, s), 3.1-3.15 (1H, m), 3.15-3.65 (9H, m), 
„ 4.0-4.4 (4H, m), 4.6-5.0 (2H, m) 

Example 15-3 fl) 

( 4R , SS , 6S ) -3- [ 1- [ 3- ( 2-Hydroxyethylamino ) - 
propanimidoyl )azetidin-3-ylthio ) -6- [ ( 1R) -1-hydroxyethyl J - 
4- me thyl-7-oxo-l-azabicyclo [3.2.0 )hept-2-ene-2-carboxylic 
acid hydrochloride 

IR (Nujol) : 3200, 1740, 1570 cm-1 
NMR (D 2 O r S) : 1.20 (3H, d, J=7Hz), 1.29 (3H, d, 
J=6Hz), 2.7-2.9 (2H, m), 3.1-3.3 (3H, m), 
3.3-3.6 (3H, m), 3.86 (2H, t, J=6Hz), 4.1-4.5 
(5H, m), 4.6-5.1 (2H, m) 

Example 15-39 > 

(4R,5S,5S)-3-[l-[3-( Carbamoy line thylami.no ) - 
propanimidoyl Jazetidin-3-ylthio ) -6- [ ( IR ) -1-hydroxyethyl ) - 
4-methyl-7-oxo-l-azabicyclo[ 3 . 2 . 0 )hept-2-ene-2-carboxylic 
acid hydrochloride 

IR (Nujol) : 3300, 1730, 1670, 1620 cm-1 
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NMR <D 2 0, 5) : 1.18 (3H, d, J=7H Z) , ! . 29 (3H , d 
J=6H 2) , 2.8-3.0 (2H, 3.1-3.35 (1H, „, ' 

3.35-3.5 <3H, m), 3.97 (2H , s>, 4.0-4.5 (SH# «, 
4.6-4.9 (2H, m) ' W,f 

5 

Example 15-4pj 

( 4R , 5S , 6S ) -3- 1 1- [ 3- ( Benzyloxycarbonylamino , - 

10 a ;r yl " 7 ' oxo ^ . o ]hept . 2 - ene _ 2 . c j boxy y ^ c 

» (Nujol) : 3200, 1745, 1690, 1585 cm-1 
™* (D 2 0, <} : 1.17 {3H ' t d, J=7H 2 ), 1.30 (3H, d, 
J=6H 2 ), 2.4-2.6 (2H, 2.95-3.25 (1 H , m), 

3 ' 35 ~ 3 - 65 < 3H ' m >' 3.8-4.8 (7H, »>, 5.14 (2H, 
15 8), 7.46 (5H, s) 

Example? ifi 



20 



25 



lae^r " 3 : ylttl ° 3 - 6 - I(lR >- 1 - h ^~ylJ-4- m ethyir 7 . oxo . 
l-az a bicyclo l 3. 2 .o ] hept- 2 - e „ e -2-carboxylic acid chloride 
1R (Nujol) : 3250, 1730, 1670, 1570 cm-1 
N*R (D20, f) : 1.19 (3H , d, J= 7H2 >, 1.29 (3H, d, 

J=6H 2 ), 3.17 (6H. s), 3.1-3.3 ( 1H, m), 3.47 (1 H , 
dd, ,- 3 . 6Hz), 4.1-4.6 (5H, m), 4.6-5.1 (2H, m) 



30 
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CLAIM 



1 - A compound of the f ormula 



10 



20 



25 




in which R* is carboxy, coo" or protected carboxy, 
is hydroxy (lower) alky 1 or protected 



15 hydroxy ( lower ) alkyl , 

R is hydrogen or lower alkyl, and 

R is substituted lower alkyl or substituted 

lower alkenyl and R 5 is hydrogen, or 
R is hydrogen and R 5 is heterocyclic group 

or lower alkyl or 
R is hydrogen and the formula : =N-R 5 is 

N,N-di(lower)alkylimino, or 
a 5 

R* and R are combined together to form 
optionally substituted 

imino-containing heterocyclic group, 
or pharmaceutically acceptable salts thereof. 

2. The compound of Claim 1, wherein 

R is lower alkyl or lower alkenyl, each of which is 
30 substituted by the group consisting of carbamoyl, 

H- ( or N, N-di ) ( lower ) alky lcarbamoyl , 
N- [N-hydroxy ( lower ) alkyl-N- ( lower ) alkylamino- 
( lower ) alkyl ] carbamoyl , 

N- 1 N-hydroxy ( lower ) alkyl -N , N-di ( lower ) alkyl - 
3 ^ ammonio( lower) alkyl lcarbamoyl. 



15 
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N-f amino (or protected amino) (lower } alkyl] carbamoyl, 
optionally substituted heterocyclic- thio, 
lower alkylthio, di( lower )alkylsulf onio, 
halo ( lower ) alkylthio , 
5 lower alkoxy, 

carbamoyloxy, 
acylamino, 

amino, protected amino, 
lower alkylamino, 
10 N-protected-N- ( lower ) alkylamino , 

carbamoyl ( lower ) a lkylamino , 
N-protected-N- [ carbamoyl ( lower ) alkyl ] amino , 
N-carbamoyl ( lower ) alkyl -N- ( lower ) alkylamino , 
N-carbamoyl ( lower ) a Ikyl -N , N-di ( lower ) alkylammonio , 
N- ( lower alkylcarbamoyl ) ( lower ) alkyl-N- ( lower ) - 
alkylamino, 

N- ( lower alkylcarbamoyl ) ( lower ) alkyl-N , N- 
di ( lower ) alkylammonio , 

optionally substituted heterocyclic-carbonyl, 
20 optionally substituted 

heterocyclic group, 
[ hydroxy ( lower ) alkyl ] amino , 

N-protected-N- [ protected hydroxy ( lower ) alkyl ] amino , 
N- ( lower ) alkyl-N- [ hydroxy ( lower ) alkyl ] amino , 
25 N ' N ~ di ( low ®r ) alkyl-N- [ hydroxy ( lower ) alkyl ] ammonio , 

N- ( lower ) alkyl-N- [N- [ hydroxy ( lower ) alkyl ] - 
carbamoyl ( lower ) alkyl ] amino , 

N , N-di ( lower ) alkyl-N- [ N- [ hydroxy ( lower ) alkyl ] - 

carbamoyl ( lower ) alkyl ) ammonio , 
30 N ~ ( lower ) alkyl-N- [ carbamoyloxy ( lower ) alkyl ] amino , or 

N , N-di ( lower ) alkyl-N- [ carbamoyloxy ( lower ) alkyl ] - 

ammonio, and R5 is hydrogen, or 
R* is hydrogen and R 5 is optionally substituted 

hetrocyclic group or 
35 lower alkyl, or 
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R 4 is hydrogen and the formula : =n-r5 is 

N, N-di ( lower )alkyliminio, or 
R 4 and r5 ar e combined together to form optionally 
substituted imino-containing heterocyclic group. 

3- The compound of Claim 2, wherein 
R 4 is carbamoyl ( lower ) alkyl, 

N- ( or N, N-di ) ( lower ) alkyl carbamoyl ( lower ) alkyl , 
N- [ N-hydroxy ( lower ) alkyl-N- ( lower ) alkylamino- 
( lower ) alkyl ] carbamoyl ( lower ) a lkyl , 

N- [N-hydroxy ( lower ) alkyl-N^-di ( lower ) alkylaromonio- 
( lower ) alkyl ] carbamoyl ( lower ) alkyl , 

N-[ amino (or protected amino) (lower ) alkyl ]- 
carbamoyl ( 1 ower ) alkyl , 

heterocyclic-thio ( lower ) alkyl optionally 
substituted by lower alkyl, 
lower alkyl thio( lower) a lkyl, 
di ( lower ) alkylsulf onio ( lower ) alkyl , 
halo ( lower ) alkylthio ( lower ) alkyl , 
lower alkoxy( lower ) alkyl, 
carbamoy loxy ( lower ) alkyl , 
acylandno ( lower) alkyl , 
amino (or protected amino) (lower) alkyl, 
lower alkylamino ( lower ) alkyl , 
N-protected-N- ( lower ) alkylamino ( lower ) alkyl , 
[ carbamoyl ( lower ) alkylamino ) ( lower ) alkyl , 
N-protected-N- [ carbamoyl ( lower ) alkyl ] amino ( lower ) - 
alkyl, 

N-carbamoyl ( lower ) alkyl- N - ( lower ) alkylamino ( lower ) 
30 alkyl, 

N-carbamoyl ( lower ) alkyl -N , N-di ( lower ) alkylammonio- 
( lower) alkyl, 

N- ( lower alky lcarbamoyl ) ( lower ) alkyl -N- ( lower ) - 
alkylamino ( lower ) alkyl , 
35 N-(lower a lkyl carbamoyl ) ( lower)alkyl-N,N-di(lower)- 
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alkylammonio ( lower ) alkyl , 

heterocyclic-carbonyl ( lower ) alkyl optionally 
substituted by the group consisting of hydroxy and 
amino (or protected amino) (lower )alkanoyl, 
5 . heterocyclic (lower) alkyl optionally substituted by 

the group consisting of lower alkyl and 
hydroxy ( lower ) alkyl, 

heterocyclic ( lower )alkenyl optionally substituted by 
the group consisting of lower alkyl and 
1 0 carbamoyl ( lower ) alkyl , 

[ hydroxy { lower ) alkyl ] amino ( lower ) alkyl , 
N-protected-N- [ protected hydroxy ( lower ) alkyl ] - 
amino ( lower ) alkyl , 

( lower ) alkyl -N- ( hydroxy ( lower ) alkyl ] amino ( lower ) - 
15 alkyl, 

N , N-di ( lower ) alkyl-N- [ hydroxy ( lower ) alkyl ] ammonio- ' 
(lower) alkyl, 

N- ( lower ) alkyl -N- { N- [ hydroxy ( lower ) alkyl ] carbamoyl - 
( lower ) alkyl ) amino ( lower ) alkyl , 
N , N-di ( lower ) alkyl-N- [ n- ( hydroxy ( lower ) alkyl ] - 
carbamoyl ( lower ) alkyl } ammonio ( lower ) alkyl , 
N- ( lower ) alkyl -N- [ carbamoyloxy ( lower ) alkyl ] amino- 
(lower) alkyl, or 

N , N-di ( lower ) alkyl -N- [ carbamoyloxy ( lower ) alkyl ] - 
ammonio (lower) alkyl, and r5 ±s hydrogen, or 
R 4 is hydrogen and r5 i B heterocyclic group or lower 
alkyl, or 

R 4 is hydrogen and the formula : =N-r5 i s n,N- 

di( lower Jalkyliminio, or 
R 4 and r5 are combined together to form optionally 
substituted imino-containing heterocyclic group. 
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4. The compound of Claim 4, wherein 
R 1 is carboxy or COO", 
35 R 2 is hydroxy ( lower) alkyl, 
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R 3 is lower alkyl, and 

R 4 is carbamoyl (lower) alky 1, 

N-(or N,N-di) (lower)alkylcarbamoyl(lower)alkyl, 

N-IK-hydroxytlowerjalkyl-N-flowerjalkylaminodower). 
alkyl ] carbamoyl ( lower ) alkyl , 

N -rN-hydroxy(lower) a lkyl-N,N-di(lower)alkylainmonio- 
( lower ) alkyl J carbamoyl ( lower ) alkyl , 

N-[amino(or lower alkenyloxycarbonylamino } (lower ) - 

alkyl j carbamoyl ( lower) alkyl , 

lower alkyltetrazolylthio ( lower ) alkyl , 

lower alkylthlo( lower) alkyl, 

di ( lower ) alkylsulf onio ( lower ) alkyl , 

halo ( lower ) alkyl thio ( lower ) alkyl , 

lower alkoxy( lower) alkyl, 

carbamoyloxy ( lower ) alkyl , 

lower alkanoylamino( lower) alkyl, 

halo ( lower ) alkanoylamino ( lower ) alkyl , 

lower alkoxycarbonylamino ( lower ) alkyl , 

lower alkoxy ( lower ) alkanoylamino ( lower ) alkyl , 

lower alkylsulf onylamino( lower )alkyl, 

carbamoylamino ( lower ) alkyl , 

phenyl ( lower ) alkoxycarbonylamino ( lower ) alkyl , 
amino[ or lower alkenyloxycarbonylamino or nitro- 
(C6-C i0 )ar( lower) alkoxycarbonylamino] ( lower )alkyl, 
lower alkylamino( lower) alkyl, 

N- ( lower ) alkenyloxycarbonyl-N- ( lower ) alkylamino- 
( lower) alkyl, 

[ carbamoyl ( lower ) alkylamino ] ( lower ) alkyl , 

N- ( lower ) alkenyloxycarbonyl-N- [ carbamoyl ( lower ) - 

alkyl ) amino ( lower ) alkyl , 

N-carbamoyl ( lower ) alkyl -N- ( lower ) alkylamino- 
( lower ) alkyl. 
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N-carbamoyl ( lower ) alkyl-N , N-di ( lower ) alkylammonio- 
( lower) alkyl, 

fN-(lower alkyl carbamoyl) (lower ) alkyl-N- (lower)- 
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alkylamino ( lower ) alkyl , 

N- ( lower a lkylcarbamoyl ( lower ) alkyl-N , N-di ( lower ) - 

alkylairanonio ( lower ) alkyl , 

hydroxyazetidinylcarbonyl ( lower ) alkyl , 
J amino(or lower alkenyloxycarbonylamino) (lower )- 

alkanoylpiperazinylcarbonyl ( lower ) alkyl , 

pyridyl ( lower ) alkyl , 

lower alkylpyridyl ( lower) alkyl, 

imidazolyl ( lower ) alkyl , 
10 lower alkylimidazolyl( lower )alkyl, 

hydroxy ( lower )alkylimidazolyl( lower) alkyl optionally 

substituted by lower alkyl, 

thiazolyl ( lower ) alkyl , 

pyrazolyl ( lower ) alkyl , 
1 5 pyrrolidinyl ( lower ) alkyl , 

lower alkylpyrrolidinyl ( lower) alkyl, 

pyridyl ( lower ) alkenyl , 

lower alkylpyridyl (lower) alkenyl, 

carbamoyl ( lower ) alkylpyridyl ( lower ) alkyl , 
20 lower alkylimidazolyl( lower )alkenyl, 

[ hydroxy ( lower ) alkyl ) amino ( lower ) alkyl , 

N- ( lower ) a lkeny loxycarbonyl -N- [ lower a lkenyloxy- 

carbonyloxy ( lower ) alkyl ] amino ( lower ) alkyl , 

N- ( lower ) a Iky 1 -N- [ hydroxy ( lower ) a Iky 1 ) amino ( lower ) - 
25 alkyl, 

N , N-di ( lower ) alkyl-N- [ hydroxy ( lower ) alkyl ] ammonio- 
( lower) alkyl, 

N- ( lower ) alkyl -N- ( N- [ hydroxy ( lower ) alky 1 ) - 
carbamoyl ( lower ) alkyl ) ami no ( lower )alkyl , 
30 N ' N - d i ( lower ) alkyl-N- { N- [ hydroxy ( lower ) alkyl ) - 

carbamoyl ( lower ) a Iky 1 ] ammonio ( lower ) a lkyl , 
N- ( lower ) alkyl-N- ( carbamoyloxy ( lower ) alkyl ) - 
amino (lower) alkyl, or 

N , N-di ( lower ) alkyl-N- ( carbamoyloxy ( lower ) alkyl ] - 
35 ammonio (lower) alkyl, and R* is hydrogen, or 

R 4 is hydrogen and r5 is thiadiazolyl or lower alkyl, or 
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is hydrogen and the formula : =n-R S is 
N/N-di( lower Jalkyliminio, or 

and R 4X6 combined together to form 1-pyrrolinyl 
ring optionally substituted by lower alkyl. 

The compound of claim 4, wherein 

R is carboxy or COO", 

R is 1-hydroxyethyl, 

R is methyl, 

R is carbamoylmethyl. 
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35 



N , N-dimethylcarbamoylme thyl , 

r N- [ 2- r N- ( 2-hydroxyethyl ) -N-methylamino J ethyl ] - 
carbamoyl ] methyl , 

[N- [ 2- [N- ( 2-hydroxyethyl ) -N , N-dimethylammonio ] - 
ethyl] carbamoyl Jmethyl, 
N- ( 4-aminobutyl ) carbamoylmethyl , 
N- ( 4-allyloxycarbonylaminobutyl ) carbamoylmethyl , 
{ l-methyltetrazol-5-ylthio)methyl , 
methylthiomethyl , 
dimethylsulf oniomethyl , 

20 di flu°romethylthiomethyl, 
me thoxyme thyl , 

carbamoyloxymethyl , 
dcetylaminomethyl , 
trif luoroacetylaminomethyl , 
methoxycarbonylaminomethyl , 
methoxyacetylaminoroethyl , 
methylsulf onylaminomethyl , 
carbamoylaminomethyl , 

2- (benzyloxycarbonylamino ) ethyl , aminomethyl , 
2-aminoethyl, allyloxycarbony laminomethyl , 

2-(p-nitroben2yloxycarbonylamino)ethyl. 
methylaminomethyl , 

( N-allyloxycarbonyl-N-methylamino ) methyl , 
( carbamoylmethylamino )methyl , 
2- { carbamoylmethylamino ) ethyl , 
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35 



[N-allyloxycarbonyl-N-lcarbamoylmethyDaminojinethya 
2- [N-allyloxycarbonyl-N- { carbamoylmethyl) amino Jethyl 

2- (N-carbamoylmethyl-N-methylamino)ethyl, 

3 - ( N-carbamoylmethyl-N , N-dimethylammonio ) propyl , 

3- [N- ( methylcarbamoyl >methyl-N-methylajnino)propyl , 
3 - 1 N- { methylcarbamoyl } methyl -N , N-dimethylammoiiio ] - 
propyl , 

4- hydroxyazetidin-l-ylcarbonylmethyl, 

1 4- ( 5-an.inopentanoyl )piperazin-l-yi ) carbonylmethyl , 

[ 4- ( 5-allyloxycarbonylaminopentanoyl )piperazin-l-yl ) - 
carbonylmethyl , 

3 -pyridylmethy 1 , 

2 - ( 3 -pyridyl ) ethyl , 

3 - { 1 -pyridinio ) propyl , 

( l-methyl-3-pyridinio)methyl, 

2 - ( 1 -me thyl- 3 -pyridinio ) ethyl , 

3 - ( 1 -imidazoly 1 ) propyl , 

4 - imidazoly lmethyi, 

2 - { 4 -imidazoly 1 ) ethyl , 

3 - ( 2 -me thylimidazol-1 -yl ) propyl , 
(3-methyl-l-irnidazolio)methyl, 

3 - ( 3 -methy 1-1 -imidazolio ) propyl , 

5 - { 3 -me thyl -1 -imidazolio ) penty 1 , 

1 , 3-dimethyl-2 lor 4) -imidazoliomethyl , 

3-[ 3-( 2 -hydroxy ethyl) -1 -imidazolio] propyl, 

3 - f 4 -hydroxyme thyl -1 -me thyl - 3 -imidazolio ) propyl , 

3-(3-thiazolio)propyl, 

( 1 , 2-dimethyl-4-pyrazolio )methyl , 

3 - ( 1 -pyrrolidinyl ) propyl , 

3- ( l-methyl-l-pyrrolidinio)propyl , 
2 - ( 3 -pyr idyl ) e thenyl , 

2 - ( 1 -methyl - 3 -pyridinio ) e thenyl , 

2- (1-carbamoylmethyl -3 -pyridinio )ethenyl, 
2- ( 1 , 3-dimethyl-2-imidazolio ) ethenyl , 
f 2-hydroxyethylamino)methyl , 
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2-1 2-hydroxyethylaraino) ethyl, [N-allyloxycarbonyl- 
[ 2- ( allyloxycarbonyloxy) ethyl 3 amino 3 methyl , 

2- [N-methyl-N- ( 2-hydroxyethyl)amino3 ethyl, 
.3 - [ N-methyl-N- ( 2 -hydroxyethy 1 ) amino 3 propyl , 
3 - I N , N-dimethyl-N- ( 2-hydroxyethyl ) ammonio3propyl , 

3 - [N-methyl-N- [ N- ( 2-hydroxyethyl ) carbamoylmethyl ] - 
amino ] propyl, 

3- [N-methyl-N- [N- ( 2-hydroxyethyl ) carbamoylmethyl ) - 
amraonio3propyl , 

3- [N-methyl-N- [ 2- (carbamoyloxy) ethyl 3 amino 3 propyl , or 
3 - [ N , N-dime thy 1 -N- [ 2 - [ carbamoyloxy ) e thy 1 ] anunonio 3 - 
propyl, and R 5 is hydrogen, or 

R is hydrogen and R 5 is l,3,4-thiadiazol-5-yl, or 
methyl, or 

, r 4 

R ls hydrogen and the formula : =n-r is 

N,N-dimethylimino, or 
4 5 

R and R are combined together to form l-methyl-2- 
pyrrolinio ring. 
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A process for the preparation of a compound of the 
formula : 



s 5 



R 1 



in which R 1 , R 2 , r 3 , R 4 and R 5 are each ^ def . ned . n 
Claim 1, 

or salts thereof, which comprises 
35 (a) reacting a compound of the formula : 
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NH 



wherein R 1 , r 2 and R 3 are each as defined above, 
or salts thereof with a compound of the formula 



N-R- 



O-R 1 



wherein R 4 and R 5 are each as defined above, and 

R is lower alkyl, 
or salts thereof to give a compound of the formula 



20 



25 




R- 
I 

II ' 



N 



30 



wherein R 1 , r 2 , r 3 , r 4 and R 5 are each as defined 

above , 
or salts thereof; and 

(b) subjecting a compound of the formula : 



35 
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-o 



I 

N 
D 



wherein R 2 , R 3 , r 4 and R 5 are each as defined above, 
and 

R* is protected carboxy, 
or salts thereof to removal reaction of the 
carboxy-protective group on R* to give a compound 
of the formula : 



15 



20 



N 



COOH 



25 



wherein R , R , R and R 3 are each as defined above, 
or salts thereof; and 



(c) subjecting a compound of the formula : 



30 



35 



„i 



N 




N 



r 
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wherein R 1 , R 3 , R 4 and R 5 are each as defined above, 
and 

2 

R a is protected hydroxy ( lower ) alky 1, 
or salts thereof to removal reaction of the 
hydroxy-protective group on R^ to give a compound of 
the formula : 



10 
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20 




N 




N 



wherein R , R 3 , R 4 and R 5 are each as defined above, 
and 

2 

R b is hydroxy ( lower )alkyl, 
or salts thereof; and 

(d) subjecting a compound of the formula : 



25 



30 



35 




R" 
I 

N 




N 



12 3 5 
wherein R , R , R and R are each as defined above. 
4 

R a is substituted lower alkyl or substituted 
lower alkenyl containing protected 
amino- and/or protected 
hydroxy-moiety(ies) , and R 5 is 
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25 



hydrogen , 

or salts thereof to removal reaction of the 
carboxy-protective group on R* to give a compound of 
the formula : 



R 5 

2 R 3 1 



4 



wherein R 1 , R 2 , R 3 and R 5 are each as defined above, 

and 
4 

R^ is substituted lower alkyl or substituted 
lower alkenyl containing amino- and/ or 
hydroxy-moiety(ies) , and R 5 is 
hydrogen, 
20 or salts thereof. 

7. A pharmaceutical composition comprising, as an active 
ingredient, a compound of Claim 1, in admixture with 
a pharmaceutical^ acceptable carrier or excipient. 



8. Use of a compound of Claim 1 as an antimicrobial 
agent. 



- Use of a compound of Claim 1 for the manufacture of a 
medicament for therapeutic treatment of infectious 
diseases to human being or animal. 

. A method for the treatment of infectious diseases 
with comprises administering a compound of Claim 1 to 
human being or animal. 
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